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PREFACE

This issue of the Systems Management (SM).Detailed Design Specification
and its updates supercedes all previous editions and meets the requirements
specified in the applicable documents listed in Section 1. The Remote Manip-
ulator System (RMS) design specification is a part of this document. Sections
1, 2, 3.1, 3.2.1 and the.various appendices also contain information about RMS
and its relationship to the SM major function.

Questions about the technical content of this document should be directed
to Ray Napier, MC77, IBM Corporation, 1322 Space Park Drive, Houston, Texas,
77058 (713~333-7442). Questions specifically about RMS functions should be
directed to Wes Nickodemus, same address, phone 333-7650.
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1. INTRODUCTION

Systems Management (SM) software provides the user a means to monitor vehicle
subsystems during on-orbit phases. Information related to the vehicle .subsystem
health and status is provided to the user through automatic fault detection, per-
formance data readouts, and configuration status displays. Vehicle subsystem man-
agement is accomplished by user assessment of information provided by SM and sub-
sequent user actions to affect vehicle configuration. SM also performs special
computations and sequences to provide additional information and to provide assist-
ance in the maintenance of several vehicle subsystem.

Data monitored includes Operational Instrumentation (OI) data from the PCM
Master Unit, data from the Payload MDM's (includes midbody MDM's), and software
generated data. '

In addition to the monitoring of the vehicle subsystem, SM software provides
the user the capability to update parameters which control SM processing. '

The purpose of the SM portion of this document is twofold: (a) to define
the functions to be performed by the SM application software and (b) to describe
at a detailed level the design employed to accomplish these functions. To achieve
this, the remainder of the SM portion of this document is organized into two
sections. Section 2 defines the control structure of the SM application. Section
3 describes the design of the SM application and is organized as follows:

a. Section 3.1 - Overview of the SM application

b.  Section 3.2 - Detailed descriptions of the Operational Sequences (OPS)
control segments and the cyclic processes they control.

c. Section 3.3 - Detailed descriptions of the SM Specialist Function
(BPEC) control segments and all the display controlled "on-demand"
processes that are invoked by either an OPS or SPEC control segment
as a direct result of an item entry to a display.

Sections 3.2 and 3.3 describe each processing element (module) in the SM
application. Each description consists of text, an 1nput/output table (Module
Data List) and a structured control flow diagram.

The text provides a narrative description of the flow through the module
(paragraph C - process description) and other information pertinent to that
process and its interfaces to other processes.
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Control flows describe the processing flow of a module and reflect the
level of detail as specified in the SM level B CPDS, SM level C FSSR part

B or RMS level C FSSR Volume 1, as appropriate.

Module Data Lists provide a tabular list of parameters required.to control
the processing flow and provide additional information about those parameters

as follows:

Item Number - Items are sequentially numbered for reference purposes.

Item Name - A generic (English) title for thé.parameter. This name is
the same as that used in the control flow and the various appendixes.

Descriptor - A reference to a full description of the parameter in an
appendix.. If the parameter is table resident in an SM compool, it is
further described in Appendix A. If it is locally declared or a CALL
LIST parameter, it is further described in Appendix E., Additionally,
interprocess variables are further described in Appendix D.

Activity Type ~ denotes usage of parameter

Input - ° Z - Compool Constant

° I -

® 0 - Output ° R ~ Input interprocess or
] L - Locally declared variables : .~ hardware parameter

® C -~ Locally declared constants ° W - Output interprocess or

hardware parameter

Source/Destination - Specifies the external modules which reference the

data. The three character ID's (see Table 1-1) of all modules supplying
(inputs) or receiving the parameters are specified. Additionally, Down-

list (DL) or CRT Display (CRT) may be specified as a destination in this
column to indicate the parameters are available for Downlist and/or CRT
display. Uplink Processor (SUL) and I-Load (ILD) may be specified as a source
in this column. ‘ ' . '

HAL, Name - The HAL name/Assembly Language name assigned to the parameter
(include Assembly Language aliases, if applicable). Naming standard are
specified in the Space Shuttle Orbiter Avionics Software Programming Stand-
ards Document. The third character of non-local {functional) data has a
unique identifier for each functional area within an FSW application. The

functional IDs for the SM application (excluding RMS) are listed in Table 1-2.

The Programming Standards document does not define a convention for local data.
However, SM adheres to the following local data standard:

] Locally DECLARE'4 data will begin with the three character ID of
the module using the data (i.e., data local to PM control will be
of the form SPM X....X).

. Local TEMPORARY data will have no standard convention, but should
have a name descriptive of its use.

/0

e *\
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MML --"The Master Measurement List number specified in the Level B or C require-
ment for the parameter., If no MML is specified, the column is blank.

. Requirement Symbol - The symbol used in the Level C requirements to denote

the parameter, If none is specified, the column is Dblank.

Appendixes A - E provide the following information:

A

Data Base Definitibns - a description‘of the tables contained in the SM
compools.,

I/0 Data Tables - Description of data tables for non mission-dependent I/O.

Traceability Matrix - A two-way cross reference (requirements to SDS
section, SDS section to requirements).

Interprocess Variables Definition - Lists variables which are referenced‘
at two or more priority levels and the three character ID's (see Table

1-1) of the modules which update or reference them. If the module
listed is assuming the priority of some other process, the three-

character ID of that process is listed in parentheses following the ID
of the module. Where control over how the variables are updated and

referenced is necessary, e.g., to maintain time homogeneity, this control
is discussed.

If two or more variables share the same table locations, references, and

controls, these variables are listed as one group. A reference to the
appendix describing the variable is listed with each location.

No attempt is made to list all variables which are asynchronously refer-
enced by the cyclic display processor.

Data Item Descriptor - Variables in the Module Data Lists that are not
listed in Appendix A. (i.e., not SM Compool resident). This appendix
is organized by SDS section number. The item # in Appendix E corres-
ponds to the item # for that entry in the respective section's Module
Data List.

The following documents were used in preparation of this version of the
System Management Flight Software Detailed Design Specification.

Applicable Documents

a.

Space Shuttle Program Orbiter Project Computer Program Development
Specification, Volumn I, Book T, "OFT System Level Requirements,
Software (Level A)", 88-P-0002-170.

Volume 5, Book 3 "OFT Functional Level Requirements Systems Management
(Level B)", S8-P-0002-530T July 27, 1979. .- g

Space Shuttle Orbiter Flight Test Level C Functional Subsystem Software
Requirements Systems Management Part B - Section 6, October 16, 1978.

I
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b. | Space Shuttle Orbital Flight Test Orbiter Avienics Software Design
Specification, Volume I, "Software System Overview"

SM DRs,

Volume II, "Systems Services"
Part 1 Flight Computer Operating System (FCOS)
Part 2 User Interface (UI).
Part 3 System Control (SC)

Volume III, "Applications™
Part 1 Guidance, Navigation and Control (GNC)
Part 3 Vehicle Utility

SM Offline Preprocessor, Detail Design Specification

RMS Level C FSSR, SD 77-SH~0002A, 12-15-78.

Display & Controls Level C FSSR, SD76-~SH-002, 12-15-78.

CRs, 'and PCRs

DR
DR
DR
CR
CR
CR
CR

36014
35864
35852
19918
19825
19821
12863

PCR 36187

Illegal Entry on DEU4 Following Common Set FTS
Fuel Cell Purge Termination Logic

SIV Flag Incorrect After SM2 Recall

Fuel Cell Purge Termination Logic

PBD Command.on’' Change Only

.PBD Single Point Failure Chanmelization Change

KU Band Acquisition Sequence Change
Uplink Data Control '

RM DRs, CRs, and PCRs

CR

CR

CR

CR

CR

CR

CR

CR

191958
192628
193104
19313
19314
19316A
19317

19368A

CNTL IO CLEANUP

MT6 DR2

I0 TABLE INCONSISTENCIES
COMP OF EE TO STR MATRIX
2N FILTER SING CAUTION
TEMP DATA INITIALIZATION
TEMP CONV WITH 2 ARMS

MSID NBR COMPLETION
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CR
CR
CR
CR
cR
CR
CR
CR
CR
CR
CR
CR
CR

CR

19423A
19508
19510
19512
19515
19522
195238
19524
19526
19527A
19551
19633
196524

19783A

PCR 31648

RMS. DOWNLIST RQMTS STS 2
TEST WORD CHECKING

STATE CHG FOR VERNIER
HCCF CURRENT. LIMITING -
POSITION ENC BIAS CORR
PHASING II

PARAMETER VALUES/RANGES
MANUAL-IDLE-MANUAL TRANS
REL/DERIG CK.CORRECTION
CONSISTENCY CK INHIBIT
MOD TO D/L CR 19423A
CORR TRNSF OF VEEPORSEL
RUNAWAY JNT CONSIS . CHECK
MSID ASSIGN-CR .INCORPORATION

RAISE RMS MCIU.PRIORITY

|
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NAME

DMP
RAS
RCD
RDD
REX
RFP
RHM
RIT
RJS
RKG
RMC
RNC
RPO
RQC
RRP
RSC
RTV
RUD
RVM
RWP
RXY
RYE
SAM
SBD
SBS
SCI
SCM
scs
SDA
SFD
SFS
SGA
SI1-SI4
SLS

SM2
SPC
SPM
SPP
SP1-SP4

ALPHABETICAL LISTING OF THREE CHARACTER ID'
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S

PROCESS

MASS MEMORY MESSAGE PROCESSOR
AUTOMATIC SEQUENCE PROCESSOR

MCIU DECODER

DEDICATED DISPLAY

RMS EXECUTIVE

POSITION HOLD

HEALTH MONITOR

TEMPERATURE PROCESSOR

HAND CONTROLLER

KINEMATIC DATA GENERATOR

RMS SPECIALIST FUNCTION CONTROL SEGMENT
MCIU ENCODER

RESOLVED POSITION ALGORITHM

INPUT PROCESSING AND CONFIGURATION DETERMINATION
RESOLVED RATE PROCESSOR

SINGLE JOINT CONTROL

TOTAL VELOCITY

RMS ITEM PROCESSOR

CONSISTENCY AND ENCODER CHECKS

POSITION HOLD CHECKS

CONFIGURATION INITIALIZATION

DATA CONVERSION PROCESSOR

ANTENNA MANAGEMENT ITEM PROCESSOR
PAYLOAD BAY DOORS ITEM PROCESSOR
BACKWARD SCALING

SCM INITIALIZATION/CLEANUP

SUBSYSTEM CONFIGURATION MANAGEMENT PROCESS
SCM SPECTALIST FUNCTION CONTROL SEGMENT
BASIC DATA ACQUISITION

FAULT DETECTION AND ANNUNCTIATION
FORWARD SCALING

GENERAL DATA ACQUISITION .

PAYLOAD CONTROL INITIALIZATION/CLEANUP
COMMUNICATION INSTRUMENTATION SPECIALIST FUNCTION
CONTROL SEGMENT

ORBIT/DOORS (OPS2) CONTROL SEGMENT
PAYLOAD CONTROL ITEM PROCESSOR
PERFORMANCE MONITOR CONTROL
PRECONDITION PROCESSING

PAYLOAD CONTROL SPECIALIST FUNCTION CONTROL SEGMENT

Table 1-1
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SSA
SSB
SsC
SSD
SSF
SSH
SSM
SSN
5SSO
Ssp
SS5R
5585
SST
SSW
STC
ST™
STS
SUL
S21
VMM
VMP
VCY
VIF
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APU FUEL QUANTITY

PAYLOAD BAY DOORS

FUEL CELL PURGE

SPECIAL PROCESSES DATA ACQUISITION

FUEL CELL COMPUTATION .

HYDRAULIC WATER BOILER QUANTITY

ANTENNA MANAGEMENT

09/N2 QUANTITY

SPECIAL PROCESSES DATA OUT

SPECIAL PROCESSES EXECUTIVE

RECORDER TAPE POSITION

STANDBY WATER COOLANT LOOP TEMPERATURE.CONTROL
HYDRAULIC FLUID ON-ORBIT TEMPERATURE CONTROL
Hy0 PUMP DELTA PRESSURE

TABLE MAINTENANCE CYCLIC PARAMETER UPDATE
TABLE MAINTENANCE PROCESS

TABLE MAINTENANCE SPECIALIST FUNCTION CONTROL SEGMENT
SM UPLINK PROCESSOR

OPS 2 INITIALIZATION/CLEANUP

MASS MEMORY READ/WRITE SPEC CONTROL

MASS MEMORY READ/WRITE SPEC ITEM PROCESSOR
GTS CYCLIC UPDATE PROCESSOR

TELEMETRY FORMAT LOAD PROCESS

Table 1-1 (Cont'd.)
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FUNCTIONAL. ID. ASSIGNMENT

FUNCTIONAL AREA FUNCTIONAL DATA ID
Basic Processes . v A
Table Maintenance _ T
scM c
Payload Control. o P
APU Fuel Quantity Q
Payload Bay Doors _ ' ﬁ
Fuel Cell Purge | | U
Fuel Cell Computation F
Hydraulic Watexy Boiler Quantity ﬁ
Antenna Management M
02/Ny Quantity N
Recorder Position Tape . R
Standby Water Coolant Temp Control L
Hydraulic Fluid Temp Control. - 0
Hy0 AP . W
Special Process | S
Uplink Processor v
Common (multi-area) Z
Table 1-~2
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2. FUNCTIONAL DESCRIPTION

The Systems Management-structure consists of three major functions: Basic
SM Processes, Special Processes, and Display and Uplink Controlled Processes. The
functions and the major processes included in each are shown in the hierarchy
diagram in Figure 2-1,

Basic SM Processes acquire data from the various vehicle swbsystems and
monitor this data to provide fault detection and warning in the event of a ve-
hicle subsystem failure. Data Acquisition acquires the data and makes it avail-
able for further processing. Performance Monitoring provides the control for
Fault Detection and Annunciation (FDA), and Precondition Proce531ng (dynamic
1limit selection for FDA processing). :

Special Processes, under the control of a Special Processes Executive, pro-
vides specialized computations and processing sequences to determine and control
the status and performance of various vehicle subsystems. Vehicle subsystems
data necessary for Special Processes is acquired by Special Processes Data
Acquisition and made available to Basic SM Processes. Error conditions deter-
mined as a part of computations or sequences are annunc1ated from the Special
Processes.

" Display and Uplink Controlled Processes provide functions which can be used to
initiate, alter, or terminate certain processing within Basic SM Processes and
Special Processes. Some of these functions provide the onboard capability to
modify certain tables used by SM Processes. Display and Uplink Controlled Processes
consists of Table Maintenance, Subsystem Configuration Management, Communications
Instrumentation, Antenna Management, Mass Memory Patch, Payload Bay Doors, Payload
Control, the Remote Manipulator System, and the Uplink Processor.

A more thorough functional description of Systems Management may be found
in the Design Overview, Section 3.1.

1)



&/

Systems
Management
. , .Display And
Basic SM Special Uplink Con-
Processes Processes trolled Pro- .
’ cesses
Performance Data i§pecial Specialist Item Entry ’L,Jplink
Monitoring Acquisition E;(:-.\(::is:ﬁe Functions Processors , {rocessor
Fig. 3.2.1.4 Fig. 3.2.1.3 Fig-3.2.1.9 Fig 3.3.1 Thru 3.3.3 Fig 3.3.4 Fig 3.2:1.23
Fig 3.3.6 Thru 3.3.8 Fig 3.3.5 T
Fault Special - ‘
Precondition Detection Processes Special Processes Special Processes
- Sequences And
Processing And Data - Computations Data Output
Annunciation Acquisition ' ‘ ’
Fig. 3.2.15 Fig. 3.2.1.6 Fig.:3.2.1.10 Fig. 3.2.1.12 Thru’ Fig. 3.2.1.11

3.2.1.22

Figure 2-1. Systems Management Hierarchy Diagram

uonesyoadg ubissg pspe’aq WS L40

988y
99B(Q

c—c

6L/9T/OT

%ood



Date 10/16/79
Page 3-1

BOOK: OFT SM Detailed Design Specification

3. SOFTWARE DESIGN

This section describes the 8M software processing elements. The emphasis
in the presentation is on describing the design of the 8M application processing
elements, the tables used, and the control and interface relationships. As such,
a major part of this section is a series of structured control flow diagrams.
Fach diagram has descriptions which detail the process and tables which list
process iaputs and outputs. Prior to presenting the processing elements, high
level design consideration, assumptions, and structure (tables and processing
elements) are discussed.

3.1 DESIGN OVERVIEW

3.1.1 Design Consideration

The Systems Management software is designed to operate within the frame-
work of the overall Orbiter Flight Program design. The SM design is influenced
and constrained by the System Software designs to ensure accurate and efficient
interfaces with the system services. The FCOS provides the services for all
I/0 operations and supervises the timing and execution of SM software components.
The User Interface software provides the service functions by which the user com-
municates with the SM software. System Control software initializes the AP101l
GPC software to a point where the SM software can be activated.

The SM software design is also influenced by organization of processes
into Operational Sequences (OPS) and Specialist Functions (SPEC). Control seg-
ments, the software implementation of OPS and SPEC, centralize the structure of
the software at a high and visible level. The segment design is determined by
which functions are valid for a particular OPS or SPEC. The control segment
determines the sequencing of functions within the OPS or SPEC based on user in-
put,gtime or events. The SM OPS and SPEC structure is described in Section
3.1.4, )

Another consideration influencing the SM design i1s the decision to divide
the processing into Basic SM Processes, Special Processes, and Display and Uplink
Controlled Processes. This decision allows the OFT design of the Basic SM Pro-
cesses to resemble the ALT design so that minimal changes are required to reflect
additional OFT requirements and so that new code for Special Processes and Display
Controlled Processes may be developed independently from modifications to existing
code. This decision also leads to easier CPU load balancing of the cyclic proces-
ses included in SM (Basic SM Processes and Special Processes). Figures 3.1.1-1
and 3.1.1-2 are an example representation of how this load balancing could be
accomplished. The actual process ordering and offsets are determined using per-
formance data obtained from executing the actual code.
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A final consideration which influenced the SM design is the utilization of
a table driven approach. This approach is employed for two reasons. First,
Basic SM Processes consist of cyclic processing of input parameters utilizing
repetitive logic with parameter unique processing control data. With/the table
driven- design, generalizeéd processing routines can be coded which process many
parameters based on the table resident control information for each parameter.
This method prevents coding similar logic for each parameter. to be processed,
thereby reducing memory requirements. The second reason for adopting the table
driven design is to accommodate the requirement to allow the changing of the
processing control data on a parameter basis inflight via keyboard and on a
system basis during ground turnaround operations.

3.1.2 Design Assumptions

This section lists assumptions made in the SM design. The purpose in list-
ing the assumptions is to make visible specific items which if determined to be
invalid would impact the design. Additional assumptions which apply across the
total Orbiter Flight Program are identified in Volume 1.

a. SM processes use "current values" and do not ensure time homogenous
data (except for interprocess data with homogeneity requirements).

b. A1l discretes within an acquired word are acquired at the same
sample rate; that rate being the highest rate specified for any
one discrete in the word.

c. All parameter samples acquired for Basic SM Processes are processed.

d. Channelization data for parameters used in special processing is not
mission-dependent. '

e. Data is not acquired from serial channels for Basic SM Processes or
Subsystem Configuration Management (SCM). However, data acquired
from serial channels for Special Processes i1s available in the SM
COMPOOL to Basic SM Processes and to SCM.
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3.1.3 SM Table Structure Overview

In a table-driven design, the tables are an integral part of the software
and key to understanding the design is to understand the tables and how they
'control' the process. Significant table attributes which must be understood
are function, content, organization and relationships between the tables and
the processes., Content relates to whether the table contains cantrol informa-
tion or data. Organization defines the structure and substructures of entries
within the table. An example organization would be by parameter sample rate
and then by parameter type. Relationships between the tables relates mainly
to how reference is made to the tables by the processes.

An overview of the SM tables and buffers and their relationships is shown
in Figures 3.1.3-1 through 3.1.3-3. Tables contained within the dashed blocks
are assoclated with the indicated process or function group. Those tables not
enclosed are common to many processes and cannot be associated with any par-
ticular process. Tables connected by solid lines have a direct index or refer-
ence relastionship. A table pointing to another (as depicted by the arrow) has
an address or an index into the table being pointed to. Tables: connected by
dashed lines are similarly organized and thus do not require a direct index.

Appendix A.2 describes each table. Reference should be made to these
descriptions as the process descriptions and control flows are studied. Par-
ticular attention should be given to the organization of entries within the
table. For example, if the first level table organization is by parameter
type, the process is controlled accordingly. A secondary organization within
the table (i.e., by sample rate) will represent a 'mested' control loop within
the process being described.

Many of the SM tables contain data that may change from mission to mission.
These tables are generated by an offline table preprocessor (refer to the SM
Preprocessor Detail Design Specification). The Preprocessor initializes certain
variable data items to a required state. For example, the parameter I/O status
bits in the CDA are initialized to ensure that invalid Parameter Status Indica-
tors are initially displayed for all parameters. The Preprocessor also gen-
erates certain buffers because the structure of these buffers is determined by
the content or organization of the tables. '

Linkages between the tables/buffers (the Preprocessor output) and the SM
executable code are resolved via a 'system build' process performed in the
Software Development Laboratory (SDL).



Data Acquisition

Data Acquisition

Input

input Buffer To

- Tables/Buffers

Read Table Buffer | —»! PPB/CDA = ?cﬂllngzs)g(ﬂri)EF
(DART) (INB) XREF (IXP) able
¥ \ ¥ v
Parameter Current Data Current Data
Processing < — 7T — > Aray (FDA Array (Non-FDA
Buffer (PPB) CDA) CDA)

A

A

Special Process

{See SPINB,
SPOB, & DDT
In Fig. 3.1.3-2)

y

|
|
|
[
!
|
|
!
!
—l—
!
!

e Parameter Precondition Precondition
L .
T;;SI': (SE?.?.‘; Information - Group Table < Control Table
Table (PIT) (PGT) (PCT)
Performance Monitoring 3
Figure 3.1.3-1. Basic SM Processes Table/Buffer Relationships
\\\ ™
) \
J/ J

Legend

Scaling
Table
(SAT)

Communication
Table (CMT)

—% Direct index

—~—»-Indirect Relationship

uoueomoads- uﬁ!ééo péi!éxao wS 140

.
.

%008

288d
a9ed

c-£ T ¢
6L/9T/0T



Special Processes Data Acquisition

5

uonealyoadg UBISAQ PaleIdA WS 140 NOOE

Special Processes . .
Data Acquisition Special Processes Special Processes Scaling
Read Table Input Buffer Scaling XREF Table
Constants o
Table Communications
(COT) Table (CMT)
Display/ Special Processes
Downlist Output Buffer
Table (DDT) (SPOB)

Legend
—~————3 Direct index
— — - Indirect Relationship

Fi'g_ure 3.1.3-2. Special Processes Table/Buffer Relationships

238d
=Lk-Tq)

E-E°T'€E
6/91/0T



/7 0
&

Subsystem Configuration Management ' Current Dat
- Array (See
i CDA In
Fig. 3.1.3-1) -
SCM Text .
Dictionary B (Ssc(':\llMBSt
M -
(SCMT) Special Processes
Tables/Buffers
»! (See SPINB,
SPOB, & DDT
In Fig. 3.1.3-2)
Payload Control
Discrete “Analog
information e $eneral XREF. »] Information
Table (DIT) able (GXT) Table (ANIT)
v
Ch | |
Staatr\‘;;e Communications
Table (CST) Table (CMT)

uonesyyioadg ubisa@ pajielag WS L40 M008

Legend:
—»Direct Index

' _ - --»Indirect Relationship
Figure 3.1.3-3. Display Controlled Processes Table/Buffer Relationships

e

o

~€°T'€ 98ed
6L/9T/0T ~ °38d



Date 10/16/79
Page 3.1.4-1

BOOK: OFT $M Detailed Design Specification

3.1.4 Processing Element Structure

The SM processing elements are organized into two basic structures:
Operational Sequences (OPS) and Specialist Functions (SPECs). Each OPS con-
tains certain SM functions which are valid during the time that particular
OPS is active. In addition, certain functions defined as SPECs are also valid
during a particular OPS. These SPECs are initiated only upon user request.

Within the OPS/SPEC structure, the SM processing elements are grouped into
three basic areas: Basic SM Processes, Special Processes, and Display and Uplink
Controlled Processes. The Basic SM Processes and Special Processes are controlled
by OPS control segment(s) while the Display Controlled Processes are controlled
by OPS control segments and/or SPEC control segments. Figure 3.1.4-1 shows the
control flow from the SM OPS and SPEC control segments to the various SM pro-
cesses. Also shown in Figure 3.1.L4-1 is RMS processing which also executes
within the SM OPS/SPEC structure.

The functions which comprise the primary role of Basic SM Processes, Data
Acquisition and PM Control, are valid in SM OPS 2 and are structured as two
cyclic processes. Bach is scheduled by the OPS control segment. Figure 3.1.4-2
illustrates the data flow through Basic SM Processes, i.e., the relationship be-
tween the two basic processes (Data Acquisition and PM control) and the primary
data buffers these processes utilize.

The Special Processes execute asynchronously to Basic SM Processes and con-
sists of three groups of functions: Data Acquisition, Computations and Sequences,
and Data Output. All functions in these groups are invoked by the Special Pro-
cesses Executive which is scheduled cyclically by the SM OPS 2 control segment.
The functions invoked by the Special Processes Executive differ according to
which are valid for the currently executing Mode. Figure 3.1.4-3 illustrates
the data flow through the three groups of functions comprising the Special Pro-
cesses and the primary data areas used by these functions.

The Display and Uplink Controlled Processes are all "on-demand" functions
which are invoked by an OPS or SPEC control segment as a direct result of an entry
to a display (or in the case of the SM Uplink Processor, a signal from the Systems
Services Uplink Software). Except for RMS all data flow between the control seg-
ments, the Display and Uplink Controlled Processes, and any affected cyclic pro-
cesses is via the Communications Table (see Appendix A.2).
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The Subsystem Measurement Management (sMM) Display processing function is
related to SM, but not part of the SM processing structure. 8MM Display Pro-
cessing is performed asynchronously to the SM processes discussed above. The
User Interface function, (SDS-Volume II, Part- 2), updates the active SMM dis-
play(s) by utilizing a set of tables that contain various control information
and pointers to parameter values and statuses in the SM COMPOOL's. These tables
are bullt by an offline process, the Display Format Generator (DFG) program.
Inputs to the DFG program are generated by the SM Preprocessor and are discussed
in the SM Preprocessor Detailed Design Specification - Phase II, Section 6.

This design approach allows SMM displays to be deflned and generated indepen-
dently of the SM executable code.
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3.1.5 RMS Overview

RMS processing operates as a specialist control function under SM OPS
2. The system has six internal configuratiens (Suspend, Temperature, Idle,
Single, Manual, Auto). To obtain configuration independence, the RMS
executive modules perform all the configuration control processing. RMS
program module interface management has been centralized in the executive
modules through the use of program dispatcher tables.

Figure 3.1.5-1 illustrates the RMS external interfaces [Flight Computer
Operating System (FCOS), SM Table Maintenance (SM TM SPEC), User Interface
(UI), Downlist (DL)]. Figure 3.1.5-2 shows the internal RMS hierarchy.
Table 3.1.5-1 contains the list of RMS program module names.

PN
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RMC

RUD

RQC

RWP
RCD
RKG
RSC
RJS
RPO
RAS
RRP
RTV

RFP

RIT

RYE

RVM

Table 3.1.5-1. Module Names/Acronyms

RMS Specialist Functienm Control Segment

RMS Item Pfocessor

RMS Executive

~Date: 10/16/79
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Input Processing and Configuration Determination

Configuration Initialization
Position Hold Checks

MCIU Decoder

Kinematic Data Generator
Single Joint Control

Hand Controller

Resolved Position. Algorithm
Automatic Sequence Processor
Resolved Rate Proceésor
Total Velocity

Position Hold

Health Monitor

Temperature Processor

MCIU Encoder

Dedicated Display

Data Conversion Processor

Consistency and Encoder Checks

S
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3.2 Operational Sequences

A description of the SM Orbit/Doors (OPS 2) Control Segment is presented.
Punctions active throughout this OPS are identified; and Mode processing and
displays are identified. The displays available within the SM OPS 2 Control
Segment are shown in Table 3.2-1 with velid SM OPS transitions identified in
Table 3.2-2, No attempt is made to identify specific item entries or unique
processing associated with item entries in the control segment flows. Item
entry processing is more fully discussed in Section 3.3 (Displey and Uplink
Controlled Processes).

Valid Specialist Functions (SPECs) within each SM OPS are shown in Table
3.2-2. Two unique Specialist Functions may be active within each OPS. Descrip-~
tions of all SM Specialist Functions valid for SM OPS 2 are in Section 3.3.

When a valid OPS transition, as specified in Table 3.2-2, occurs between
two OPS containing SM processing, certain date is maintained for use by the
new OPS, This data includes:

° The parameters maintained by the Communications/Instrumentation
SPEC function indicating the last 128 KBPS and 64 KBPS format
IDs entered. '

®  All values input from the Antenna Management display.

) A1l values updated by the Table Maintenance SPEC function.

® Ku-band antenna control diqcretes updated by uplink.

® Values maintained by FDA processes to control their processing.
If the transition does not involve a memory reconfiguration, no action is re-
quired to maintain the data. If the transition involves overlaying the data,
the data is saved and restored to the SM tables before the new OPS initiates
any processing. Since there is only one OPS configuration currently defined
containing SM processing, no valid transitions can occur which involve memory

reconfigurations, and thus no processes are presented which maintain the above
data.

‘;7@
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Table 3.2-1. SM OPS Display Content

DISPLAY TITLE S_ES_ oPS SPEC DISP
SM Systems Summary 1 2 | ' X
M Systerﬁs Sunmary 2 2 X
CRYO/Fuel Celll 2 ‘ X
Environmentall : 2 - X
APU/HYDl 2 X
SM Table Maintenance 2 | X

SCM o | 2 X

PCMMU/PL Commn 2 X
Communications Managemenﬁl : >2 X
Antenna Management 2 X

Payload Bay Doors .2 X

HYD Thermall 2 X
PDRS Control 2 X

PDRS Status 2 X
Electricall 2 0 x
Payload Control SPEC (1-4) 2 X

Payload Para.metricl 2 X
Propellant 'I'hermall 2 X
APU/Environmental Thermall 2 X
Mass Memory Read/Write 2 X

1 These displays may be mass memory resident. The remaining displays
are main memory resident.
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Teble 3.2-2.

SM OPS SPEC Function Table

Date
Pgge

10/16/719
3.2-3

Speciglist Function Section Valid in SM OPS
Number o 8 9
Table Maintenance 3.3.1 yes [ no | no
Subsystem Configuration Management 3.3.2 Yes | no no.
Communications/Instrumentation 3.3.3 yes | no | no
Payload Control (1-L4) 3.3.6 yes | no | no
General Test Support no |no | yes
First Sensor Self Test no no yes
Second Sensor Self Test no |no | yes
TCS Control no no yes
System Services SPECs yes | yes | yes
RMS 3.3.8 yes |no | no
Mass Memory Patch 3.3;7 yes { yes | no

Valid SM OPS Transition Table

\T0
F;&%\\ 0PS 0 SM2 sM8 SM9
0PS O yes yes yes yes
SM 2 yes yes no no
sM 8 yes no yes yes
SM 9 yes no yes yes

TABLE 3.2-2
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3.2.1 Orbit/Doors (OPS 2) Control Segment (SM2_OPS)

The Orbvit/Doors Control Segment activates System Management processing and
presents the Antenna Management (AM) display (Mode 201) or the Payload Bay Doors
(PBD) display (Mode 202). : '

.,

Control Interface - The Orbit/Doors Control Segment is SCHEDULE'A
by the User Interface Sequence Request. Processor upon user request.

Invocation: SCHEDULE SM2 OPS PRIORITY(PRIO SM2);
Inputs -~ Inputs to this module are specified in Table 3.2.1-1.

Process Description - The control flow for this module is shown in
Figure 3.2.1-1. When SM OPS 2 is selected the Orbit/Doors Control
Segment calls the OPS 2 Initialization/Cleanup module to initialize
data areas. It then schedules Data Acquisition, Performance Monitor
Control, the Special Processes Executive, and the Uplink Processor.

"Mode 201 - Orbit Mode

After the cyclic processors are scheduled, the OPS 2 Initialization/
Cleanup module 1s called to perform Mode 201 initialization, the AM
display is presented and the Control Segment waits for a new OPS, new
mode or item entry. If an item entry is made, the AM Ttem Processor
is called to process the request. If Mode 202 is '‘selected, the OPS 2
Initialization/Cleanup module is called to perform mode cleanup and
the Mode 202 processing as described below is performed. If a new OPS
is selected, the OPS2 Initialization/Cleanup module is called to per-
form mode cleanup, then Data Acquisition, Special Processes Exectitive,
and the RMS Executive are cancelled and the OPS 2 Initialization/Cleanup
module is called to perform OPS cleanup.

Mode 202 - PBD Operations Mode

After the cyclic processors are scheduled, the OPS 2 Initialization/
Cleanup module 1s called to perform Mode 202 initialization, the PBD
Operations display is presented and the control segment waits for a
new OPS, new mode or item entry. If an item entry is made, the PBD
Ttem Processor is called to process the request. If Mode 201 is
gselected, the OPS 2 Initialization/Cleanup module is called to per-
form mode cleanup and the Mode 201 processing as described above is
performed. If a new OPS is selected, the OPS 2 Initalization/Cleanup
module is called to perform mode cleanup, then Data Acquisition,
Special Processes Executive, and the RMS Execltive are cancelled and
the OPS 2 Initialization/Cleanup module is called to perform OPS cleanup.

%9
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d. Outputs - Outputs from this module are specified in Table 3.2.1-1.

e.

Module References - Process ‘ "~ Section Refgrenge

OPS 2 Initialization/Cleanup _3.2;1.1 dALL

AM Ttem Processor | 3.3;h CALL

PED Ttem Processor | 3.3.5 CALL

Data Acquisition - 3.2.1.3.1  BCHEDULE/
CANCEL

Performance Monitor Control 3.2.1.4 SCHEDULE

Special Processes Executive 3.2.1.9 SCHEDULE/
CANCEL

Uplink Processor 3.2.1.23 SCHEDULE

RMS Executive | 3.3.8.4 CANCEL

Module Type and Attributes:

Type:

Program

Attributes: N/A

Template References

D

D

INCLUDE

INCLUDE

INCLUDE

INCLUDE
INCLUDE
INCLUDE
INCLUDE

INCLUDE

TEMPLATE

TEMPLATE
TEMPLATE

TEMPLATE
TEMPLATE,
TEMPLATE
TEMPLATE

TEMPLATE

Cz1_COMMON System Services Common Compool

DIS_PLAY UI external procedure used by
the grammar macros (Display Pres-
entation and Control)

DNX_BMS UI external procedure used by
: -grammar macros (Application Moding
and Sequencing)

SDA_DATA_ACQ Data Acquisition
SPM_CONTROL Performance Monitor Control
SSP_EXEC' Special Processes Executive
SAM _ITEM AM Item Processor

SBD_ITEM PBD Item Processor

Lo
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Template References (Cont'd)

D

D

D

INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE

INCLUDE

INCLUDE

INCLUDE

TEMPLATE S21_CLNUP
TEMPLATE SUL_UPLINK
TEMPLATE REX_RMSEXEC
DAG#RAM

DBG#RAM

DDG#RAM

OPSCMACS

ZPRIOTIM

Error Handling - None

10/16/79
3.2.1-3

OPS 2 Initialization/Cleanup

‘Uplink Processor

RMS Executive
Common grammar macro set.
OPS Control Segment grammar macro set.

Allows references tb MCDs keyboard
inputs.

Contains FCOS OPS Cancel macros.
Contains REPLACE names for haseline

priorities, phasing and rates of
scheduled processes (ref. SAM 10).

Constraints and Assumptions - The OPS 2 Control Segment is monitored

by UI.

UI filters out illegal OPS, mode, or other illegal entries

not defined for the OPS 2 Control Segment.

i



TABLE 3.2.1-1 Orbit/Doors Control Segment

MODULE DATA LIST

N/A

ITEM DESCRIPTOR ACT SOURCE/DESTINATION HAL NAME MML REQT.
SYMBOL

Ttem Entry E I/0 CRT/ SBD,SAM

Init/Cleanup Request E 0 s2T
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Program SM
Orbit/Door OPS

Note: Entry Into This OPS
Activitates The SM OPS 2
Downlist Format. MAIN

Note: The Decisions And Sequencing Portrayed In This Figure Are Largely
Controlled By The Systems Services Transition Matrices As Welf As
Crew Selection Through The MCDS, Sequencing Events And CHANGE
Grammar Statements. As Such, Blocks Not Explicitly Representative
Of Applications Code Are Indicated By An Asterisk. This Note
Applies To All Subsequent Contro} Segment (OPS And SPEC) Contro!

Flows.
________ And MASS MEMORY
DUMP Formats Are Also
Selectable
CALL OPS2
Initialization/
Cleanup
Fig. 3.2.1.1
1
SCHEDULE
Cyclic Processors
e Data Acqa.
Fig 3.2.1.3
® Performance
Monitor DO UNTIL 3 CALL
Fig 3.2.1.4 CALL OPS 2 DISPLAY «New OPS VLN‘MT—gg—g Ie Antenna
o Special Then Initialization/ Antenna Selected * New Htern Management
Processing CQleanup Management « New Mode : New Mode Entry * Item Processor
Executive Fig 3.2.1:1 Display Selected * o Item Entry Fig. 3.3.4.2
Fig 3.2.1.9
o Uplink ’
Processor
Fig 3.2.1.23
1 CALL OPS 2
Initialization/
DO UNTIL ) .- CALL OPS 2 DISPLAY Cleanup
New OPS 1E Orbit Eise | Initialization/ PL Bay Doors Fig 3.2.1.1
Selected gh?de d* Cleanup Operations
» OPSO electe Fig 3.2.1.1 Display
CANCEL A
o Data Acq Lt
* Special DO UNTIL WAILFOR e Payload
I:rocess]ng  New OPS . oNew Mode Etem . Bay Doors
Executive * New Mode o ltem Entry * atry item Processor
® RMS 4 Fig. 3.3.5
Executive
CALL OPS2 CALL
Initialization/ ops2
Cleanup g;:zt?tmn/
Fig. 3.2.1.1 Fig. 3.2.1.1

Close SM Orbit/
Doors OPS

Figure 3.2.1-1. SM Orbit/Doors (OPS 2) Control Segment
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3.2.1.1~1

Date:
Page

BOOK: OFT SM Detailed Design Specification

3.2.1.1 OPS 2 Initialization/Cleanup (S2I_CLNUP)

exit

The OPS 2 Initialization/Cleanup module provides for centralized entry and
processing for the SM OPS Control Segment (SM 2). ‘ .

.

Control Imterface - The OPS 2 Initialization/Cleanup module is CALL'ed
on demend by the Orbit/Doors Control Segment.
Invocation: CALL S2I_CILNUP (Init/Cleanup Request¥*, DEU No)

Inputs - Inputs to this module are specified in Table 3.2.1.1-~1.

Process Description - The control flow for this module is shown in

Figure 3.2.1.1-1 through 3.2.1.1-4. The OPS 2 Initialization/Cleanup
module determines which processing to perform and then does OPS initial-
ization, OPS cleanup, mode initialization or mode cleanup. The restore of
checkpointed data is done in OPS Initialization if System Services
indicates to SM that restore was requested by the user via the DPS Utility
display. If no I/0 error occurs during the restore process, the date is
dispersed to the SM tables.

Outputs - Outputs from this module are specified in Table 3.2.1.1-1.

Module References - None

Module Type and Attributes

External Procedure
Default (serially reusable with no protective mechanism)

Type:
Attributes:

Template References

CGE_DISPATCHER Hybrid Dispatcher Include

Segment
SM Hybrid Dispatch Table

Constants Table (COT)-
Values

D Include Template

SHD_HYB_DISPATCH
CSs_COT

D Include Template
D Include Template

Basic Processes CMT

D Include Template CSA_BM_CMY

D Include Template CSs_SP_CMT Special Processes CMT
D Include Template CSB PBD_CMT Payload Bay Doors
Display Parameters
D Include Template CSS_sPOB Special Process Outpub
Buffer
D Include CSAPIT Parameter Information Table (PIT)
D Include CSAPCT Precondition Control Tables (PCT)
D Include CSALIT Limit sense Table (LIT)
D Include CSCOTSRC Constants Table (COT)
D Include CsT_TM CMT TM Display Parameters Tables

qg’



Date: 10/16/79

BOOK: OFT SM Detailed Design Specification | Page: 3.2.1.1-2
D Include Template S68B_PL_BAY DOORS: Payload Bay Doors
D Include Template CZ2_COMMON » UL/FCOS SHARED .Compool
D Include Template =~ ~CZl_COMMON System Services Common Compool
D‘Include Template DMA MAC System Services Annunciation m‘¢;
Routine
D Include Template. CDL_ANNUN . System Serviceé Annunciation
Compool
D Include IOMACS | Contains I/0 Macro flags
D Include MMUMACS Contains MM Read/Write Macros
D Include DMA # MACS System Services error
annunciation macro replace
statements
D Include CVN MM UTILITY ’ SM/VU common buffer
h. Error Handling - None
i. Constraints and Assumptions &
1. Assume no retry if I/0 error on restore read.

2. When a checkpoint write is initiated, SM writes to whichever
MM is assigned to us. When requesting a restore, the user needs
to ensure that he/she is reading from the correct MM.

3. If an I/O read error is. encountered when initializing in the OPS
(whether restore was requested or not), the checkpoint time
will be zeroed. If the read completes successfully, the
checkpoint time will be updated with what resides on MM (at this
point, we have no way of knowing whether the checkpoint unite
completed successfully, so a bad time may be displayed).

Us
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TABLE 3.2.1.1-1 0P8 2 Tnitialization/Cleanup

MODULE DATA LIST

# ITEM DESCRIPTOR ACT SOURCE/DESTINATION AL NAME ML REQT.
SYMBOL
1 Parameter processing 4.2.11 o] SPM csgg_pyf_gup_g;L?
buffer half indicator D.19
2 Ready flag, and read A2.11 0 SPM, SDA
1
Ilag2 D.
3 Performance Monitor A.2.11 ¢} SPM CSAB_CMT_PM_CANCEL
Control cancel flag D.20
4 Data Acquisition ready A 2.11 0 SDA CSAV_CMT_CC
cycle counter D.21
5 Init/Cleanup Request E I SM2 §2I_ID
6 Control Timer A.2.11 0 S88 CSLV_CONTROL TIMER
' D.23
7 (deleted)
8 (Geleted)
9 PBD Active/Inactive flag | A.2.22 ¢] sSSP SHD_DISPATCH_TBL.
-25 FREQ$(6;1)
10 Power on/off items A,2.11 o] 388 CSBB_POWER_ON_OFF_SELECT ITEM
D.13
11 Auto mode select item A.2.11 0 SSB CSBB_AUTO_MODE_SELECT ITEM
D.13
12 Menual mode select items | A.2.11 0 SSB CSBB_MANUAL_MODE_SELECT_ITEMS
D.13
13 PBD Fail Inhdicators A.2.11 o} CRT CSBB_OPEN_FAIL INDICATORS
CSBB_CLOSE_FAIL INDICATORS
1k PBD close preparabion A.2.11 0 CRT CSBB_CLOSE_PREP__FAIL_INDICATOT
Fail Indicator
15 (deleted)
16 Auto Mode Flag .2.11 0 SSB CSBB_AUTO_MODE FLAG
D.27
17 Manual Mode Flag A.2.11 0 SSB CSBB_MANUAL, MODE_FLAG
D.27
18 Pump Indicator A.2.11 o] S88 CST.B_PUMP_ONOFF

%004
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TABLE 3-2.1.1~1 OPS 2 Initializetion/Cleanup (cont'd)

MODULE DATA LIST

S21_BUFR_IND

# ITEM DESCRIPTOR ACT SOURCE/DESTINATION HAL NAME MML S\EI\%EOL
19 PBD Common A.2.16 0 880, CRT. DL CSSB_CUR_ANNS(7) VT72%3490X
Fail Indicator D.28
20 Mode Termination A.2.11 I SSB CSBB_CPEN_FAIL INDICATCR
Event Indicator D.17
21 Hydr Fluid A.2.11 0 88T CSOB_SP_HYDR INIT
Init Flag D.29
22 Uplink A.2,11 o) SUL CSVE_UL_CANCEL
Cancel Flag D.30
23 (deleted)
o4 MASK? A.2.1 o] PIT CSAS PITP MASK2
25 LIT A.2.8 o] ser CSAS LIT ANALOG LOW_LIMIT
C8AS LIT AWALOG KIGH LIMIT
CSAS LIT BU LOW LIMIT
CSAS_LIT FU HIGH LIMIT
26 Checkpoint Buffer ‘ A,2.25 I UL CDHV_BLOCKS
27 PIT MAX N-Count A.2.1 o] Common Buffer CSAS_PITA MAX ¥ CT
CSAS_PITE MAX N CT
28 PIT limit values A.2.1 0 Common Buffer CSAS PITS_LIM STATES
29 Number of Analog PIT A.2.1 I PIT CSAS_PITA_NUM_ENTRIES
entries
30 Number of EU PIT entries | A.2.1 I PIT CSAS_PITE NUM_ENTRIES
31 Number of parent PIT A.2.1 I PIT CSAS_PITP_NUM ENTRIES
entries ’
32 Number of COT Scolars A.2.12 I coT CSAS_COT_NUM_SCALARS
33 Number of COT discretes [A.2.12 I COT CSAS COT NUM DISCRETE
3k Number of COT Analogs A.2.12 I coT CSAS_COT_NUM INTEGER
35 Scalar Constants A.2.12 I CoT CSAS_COT_SCAL_VALUE
36 Discrete Constants A.2.12 I coT CSAS COT_DISC_VALUE
37 Analog Constants A.2.12 I COT CABA_COT_INT VALUE
38 Pointer to next halfword {E L
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TABLE 3.2.1.1-1 OPS 2 Initialization/Cleanup (cont'd)

MODULE DATA LIST

# ITEM DESCRIPTOR ACT SOURCE/DESTINATION HAL NAME MML gsﬁgbL

39 Size of LIT E L $2I_LIT_SIZE

ko] Number of words E L 52I_NUM_SCALARS

L1 'Set flag cycle 5' act/ [A.2.22 0 888, SSD SHD_DISPATCE_TBL. FREQ$(5;1)

inact flag :

k2 DA (202, 201) frequency |A.2.22 o ssp SHD_DISPATCH_TBL.FREQ$(3)

43 DA (201) frequency A2.22 0 SSP SHD_DISPATCH_TBL.FREQ$(L)

bl Current N-ct A2.1 0 PIT CSAS_PITA CUR N _CT
CSAS_PITE CUR N CT
CSAS_PITS CUR N CT

L5 Hard fail flag A.2.1 0 PIT CSAS_PITA HARD FAIL
CSAS_PITE HARD FATL
CSAS PITS_HARD FAIL

L6 Bypass Ind A.2.1 0 PIT CSAS_PITA BYPASS IND
CSAS_PITE BYPASS IND
CSAS_PITS BYPASS TND

b7 limit high A.2.1 0 PIT CSAS_PITA LIMIT HI

‘ CSAS_PITE_LIMIT KI

48 limit low A.2.1 0 PIT CSAS_PITA LIMIT LO
CSAS_PITE_LIMIT 1O

ko Parm Count A.2.1 0 PIT CSAS PITP_PARY CT

50 Sys Summ Variables E 0 uT CZ1V_SYSUM PAGE$(3,1)
CZIV SYSUM PAGE$(3,2)

51 Restore Enable Ind E 1/0 ur {ZTB-CXPT RETRV. ERA ‘

52 ICC Status Flag E 0 Uz ICC_CZ1B_CKPT _RETRV_ENA

53 TSW A.2.25 1/0 FCOS CDHV_RW_TSW

5k CHKPT Time A.2.11.4 0 ™ CSTV_CHKPT TIME

55 NUM PRECON Groups a.2.5 0 PCT CSAS_PCT_NUM_PRECONDS

56 Warm Up CT A.2.5 0 PCT CSAS_PCT WARMUP_COUNT

57 Max Warm Up A.2.5 I PCT CSAS PCT MAX WARMUP

58 Last Solution A.2.5 ° PCT CSAS_PCT_LAST SOLUTION

%008
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TABLE 3,2.1.1-1 OPS Initialization/Cleanup {Cont'd)

MODULE DATA LIST

# ITEM DESCRIPTOR ACT SCOURCE/DESTINATION HAL NAME MML REQT.
SYMBOL
59 ACT 18 A.2.1 0 PIT CSAS_PITA ACT LIM SET
CSAS”PITE ACT LIM SET
CSAS PITS ACT LIM SET

60 DEU NO B /0 Ul S2I_DEU_NO
61 Class 5 Error MSG FMPT ¢} Message Line CDLK_V92X00TLX V92X00ThX
62 Fault summary E 0 UI CDLB_SM_RECORDER FLAG V92XT000X

message flag - = -
63 AM ICC enable flag E ¢ UL ENABLE AN DATA MSG
6l Mass Memory address Tabld E I/0 Ul CZ1V_MVY_ADDR TBL$(2:)
65 Uplink Control Site in E o) Ul Cz1B D UL CNTL$Y

View Flag -0 =
66 Uplink Control ICC E 0 UI ICC_CZ1B_D_UL CNTL

Enable - - -
67 Switeh Bypass Item A.2.11, D.13 0 SSB, CRT, DL CSBB_SWITCH_BYPASS ITEM V93X5814X
68 PBD Open Item A.2.11, D.13 0 SSB, CRT, DL CSBB_PBD_OPEN_ITEM V93X5815%
69 PBD Close Item A.2.131, D.13 o] SSB, CRT, DL CSBB_PBD_CLOSE_ITEM V93%5817X
70 PED Stop Item A.2.11, D.13 o $SB, CRT, DL CSBB_PBD_STOP_ITEM V93X5816X
71 Control Switeh Position | A.2.11, D.13 I SSB, CRT, DL CSBB_SWITCH_BYPASS ITEM

Indicator
72 Uplink Control Auto Fiag| E I/0 UI/UT CZ1B_D_UL CHTL$3
73 Uplink Control Inhibit E 0 Ul CZ1B_D_UL CNTL$1

Flag
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PERFORM

BASIC SM T
o Set Parameter Processing Buffer Indicetor To 1 Restore
® Turn Off Ready Flag 1 And Ready Flag 2 Processor
o Turn Off Performance Monitor Cancel Fleg o -
o Set Data Acquisition Read Cycle Counter To 1 (rig. 3.2.1.1-2)
® Turn Off Uplink Cancel Flag l
SPECIAL PROCESSES
oPs 2 Standby Water Coolant Loop Temperature Control
e Set Control Timer To Zero "
Initial-  Set Pump Indicator To OFf Set 5YS SUMM
ization Hydraulic Fluid On-Orbit Temperature Control Variables In
& Set Hydrauwlie Fluid Initlalization Flag To On CZ1COM
. Fault Summary Message Control For
Enter Recorder Tape Position

® Set Fault Summary Message Flag To Off [
Antenna Management ICC Control
o Set AM ICC Enable Flag To On

=

Reset Hybrid
Dispatch Table
To Start SP
EXEC At

Cycle 1

Made 201 Null Case
Intial~-
ization

Ino

Mode 201 Null Case

fw

DO CASE
Tntialization Cleanup
Cleanup

Requested

PAYLOAD BAY DOORS .
Select P Off It VY i
Desetech Tover tn Temn DUCIRILITY WX
Deselect Auto Mode Select Item 12}1‘?-[{0 Gy }O;
Deselect Manual Mode Select Ttema A.L P A(X §01 JE5) I

Reset Auto And Manuel Mode Fl
R ke ORIGIN

Turn Off 'Set Fleg Cycle 5' Active/Inactive Flag
Set DA {202,201) Frequency = Hex'0002'
Set DA (201) Frequency = Hex'BOO0A!

4] Mode 202
Intial-
ization

secvesnsec

IF PBD Control Cell
Moge 202 F=— "
208 Switeh not equal "~} Set Switch ByPass = Off Payload

not in sto Set Switeh Bypass Open = 0ff
3 ( i) Set Switch Bypass Glose = Off Bay Doors
Set Switch Bypass Stop = On (sec. 3.2.1.20)

i

Return

R — PAYLOAD BAY DOORS

Turn Off PBD Fail Indicators

Turn Off PBD Common Fail Indicator F
Deselect Auto And Manual Mode Items =
Turn On PBD Active/Inactive Flag --—-1 Power On
Turn On 'Set Flag Cycle 5°' Active/Inactive Flag Ttem Ig On
Set DA (202,201) Frequency = Hex'OOOA! Rararervcissn e
Set DA (201) Frequency = Hex'OOQA'

Set Power On
Item Off And
Power Off
Ttem On

Set Power On/
Off Flag To On

CALL
Payload
BASIC SM ](‘;ay Doors
® Turn On Performance Monitor Cancel Flag Sec, 3.2.1-20)
# Turn On Ready Flag 1 And Ready Flag 2
opS 2 © Turn On Uplink Cancel Flag
- SPECIAL PROCESS
Cleanup Antenna Management ICC Control
® Set AM ICC Enable Flag To Off
# Set Uplink Control Site
In Vievw Flag To Off

(o))

IF Uplink Then Set Uplink
Control Auto -—-1 Control Auto
Flag=0n Flag=0ff

Issue Uplink Set Uplink
Control ICG Control Inhibit
Enable Macro Flag=0On

Figure 3.2.1.1-1 OPS 2 Initialization/Cleanup
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Obtain MM
Address From
CZ1 -~ Common

Restore Enable IK
Set ICC Status Flag

Insert Number of Words

OFH

IF

CHKPT Time In
Checkpoint
Buffer o}

(No Ch Pre-

vigusly dane)

e

of Words to
Read Into FCOS
Parm List (%)
. Clear TSW

ir

) -
T PO - TR
Store in FCOS THEN to Read.‘nto FCOS Para: Lr \g
Call List meter list (2048) ks = 0
. Clear TSW (Good Read)
. Issue MM Read Macro For ’ i, § Zero CHKPT
Entire Checkpoint Buffeq ERSZY rine on
Display
iF
Restore Enable
IND = ON
. Insert Number Zero CHKPT

Time In TM
Pisplay Compool

TSW # 0

. Issue MM Read
Macro For
CHKPT Time

{Read Error)

Update CHKPT
Time In T™
Display Compcol

Figure 3.2.1.1-2. Restore Processor

\\ _ /’/

Issue Class

Zero CHKPT

THEL
5 Error Time In T™
- Message Display Compool
g | EETEOTE Update CHKPT Time In
Data Dispersal ™M Display Compool
(Fig. 3.2.1.1-3)
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OFT SM Detailed Design Specification

& Compute Size Of LIT

@ Move LIT From Check-
point Buffer (MM,
Common Buffer) Into
SM LIT Table

Perform PIT -
Data Restore
Fig 3.2.1.1-4.

Date 10/16/T9
Page 3.2.1.1- 9

e Compute Number Of Words To

e Move Scalar Constants From Check-
point Buffer To COT

e Set Up Pointer To Next Halfword
In Checkpoint Buffer

Move In Scalar Portion Of The COT -

& Move Discrete Constants From Check-
point Buffer To COT

Checkpoint Buffer

& Set Up Pointer To Next Halfword In

@ Move Analog Constants From Check-
point Buffer To COT

11k 15 »P;J{JL\,
- . .

AT
It “X’ROE)U R
%E{KGXN ALk A

A TE

~ Figure 3.2.1.1-3. Data Dispersal



BOOX:

Set Up Pointer
To Last Entry
Moved From
Checkpoint
Buffer To LIT

OFT SM Detailed Design Specification

Date' 10/16/79 .

Page 3.2.1.1-1C

Zero The Follow!
ing ltems:
e Current N-Ct

Of EU PIT Entries

Checkpoint Buffer

e ANNUN'INH IND

Increment Point Restore PIT Analog

bo FOR. 4 kmen ointer Value From Checkpoint

I'=1 To Number To Next .

Of Analog PIT ] Halfword In Buffer:

Entri Checkpoint Buffer s MAXN-CT

ntries @ ANNUN iNH IND .

DO FOR Increment Pointer Restore PIT EU Values
1= 1 To Numb To Next' From Checkpoint Buffer
I=1To Number Halfword In o MAX'N-CT

® Hard Fail Flag
© Bypass ind
¢ Limit High
e Limit Low

‘Zero The Follow-
'ing ltems:
e Current N-Ct

Increment Pointer
To Next

e Bypass ind
e Limit High
o Limit Low

Halfword In
Checkpoint Buffer

DO FOR
2R DO FOR
=1To Numb.er Each Discrete
Of Parent Entries In Parent
In PIT

o Warm Up CT =
DO FOR Max Warm Up

=1 To Num Ct
Precon Groups o Last Solution
== 1 )

Figure 3.2.1.1-4. Pit Data Restore

\a

55

Restore Discrete Values |
From Checkpoint Buffer:
e MAXN-CT

e ANNUN INH IND

¢ LIMIT VALUES

Zero The Follow-
ing ltems:

e Current N-Ct
o Hard Fail Flag
® Bypass Ind

@ Parm Count

Update MASK2
With Limit State
Specified By Active
Limit Set Selected

r

Act
LsS=1

Act
LS=1

e Hard Fail Flag F

Act
LS=1
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3.2.1.3 SM DATA ACQUISITION

The Basic SM Data Acquisition function acquires all data required by the
other basic SM functions (Ref. Section 3.2.1.3.1). The Special Processes
(SP) Data Acquisition function acquires all data required by Special Processes
from the PCM Master Unit (PMU) and the payload MDM's {(Ref. Section 3.2.1.11).
General Data Acquisition is a function called by both Basic and SP Data
Acquisition to acquire and screen the data (Ref. Section 3.2.1.3.2).

Figure 3.2.1.3-1 ghows an overview of the control flow from the Basic and
SP Data Acquisition routines to General Data Acquisition and Forward Scaling.
Figure 3.2.1.3-1 also shows an overview of the data flow and table references for
General Data Acquisition and Forward Scaling. The Genersl Data Acquisition call
1list contains address pointers to required tables and a flag identifying the call-
ing routine. Forward Scaling is called to scale and move analog parameters after
acquisition. Tt is passed pointers to the Scaling Cross-Reference Table (SXT) in
its call list. Appendix A describes in detail the tables shown in Figure 3.2.1.3-1.

REPRODUCIBITITY OF THE
ORIGINAL PAGE IS POOR



General Data Acq

Call List

Basic Spec
Data Acq PDrc;:
Jata 7 : a
(Program} v Acq
v proor
GENERAL DATA ACQ
(Procedure)
Basic ————— ——— - — SP.
DART ——————— = > PMU Read <= ———- =—— DART
I [
| |
i PLMDM Read |
| i
| B > ! S.P
Basic  {} == — == . - .P.
A s . — — — T a— —— a— B Tl v s G ame wcue  ssswe w—— e -
IXP Screening . INB
Basic “J ( 3 > S.P.
INB B 0B
X 1
C PPB &
A Non FDAW {4}
CDA N @_

1. 10O Status Only For EU Status &

Value For Others

2. Analogs Are Scaled & Moved

_>

Control
Flow

)
>

Forward

Scaling
(Procedtire) <

I -4 é A — 3
Basic S.B.
SXT SAT SXT
Data Table
Flow

Reference

3. 10 Status Only

Indicators {f Needed

4. Check IO Status & Set Offscale

5. Analogs Are Scaled & Moved
To New Location in SPINB

Figure 3.2.1.3-1. SM Data Acquisition Overview
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BOOK: OFT SM Detailed Design Specification RLP RODUC
3.2.1.3.1 Basic Data Acquisition (SDA_DATA ACQ) 5 }”3012

The Bagic Data Acquisition module controls the cyclic acquisition of data for

display only, Subsystem Configuration Management, precondition, and fault detection
processing from the PCM Master Unit (PMU), payload MDM's (includes Midbody MDM),
and Special Processes COMPOOL's (Interprocess Data). Data not acquired due to I/0
failure is flagged invalid. All subsequent references to Payload MDM data are
intended to include Midbody MDM data.

a. Control Interface - Data Acquisition is SCHEDULE'd by the SM OPS Control
Segment to execute 5 times per second. :
Invocation: SCHEDULE SDA _DATA ACQ AT PHASE SDA PRIORITY (PRIO_SDA),
REPEAT EVERY TIME SDA

b. Inputs -~ There are two types of input data to Data Acquisition

1. External data which is acquired from the PMU, Payload MDM's, and
Interprocess COMPOOLs. Once this data is retrieved and moved to
‘either the PPB or CDA, it becomes input to the other SM functions.

2. Internsl tables (structures) which describe the external data or
control processing (see Table 3.2.1.3.1-1).

Ce Process Description - The control flow for this module is shown in
Figures 3.2.1.3.1-1 thru 3.2.1.3.1.~3. Data Acquisition first deter-
mines whether that portion of the Parameter Processing Buffer (PPB) for
the second of data to be acquired has been freed from processing by the
PM Control module. If the PPB buffer half is not available, control is
returned to the system. Otherwise, the read cycle to be processed (1
through 10) is debtermined and the appropriate entry in the Data Acquisi-
tion Read Table (DART) accessed. The DART section for each read cycle
has an entry for each read to be issued. Each ertry consists of a de-
vice address, device indicator (PCM Master Unit or Payload MDM), INB
displacement and a read length (number of contiguous 16-bit parameter
words to be acquired). All DART entries representing read requests for
the PMU are at the beginning of the section followed by PIMDM and PMU
BITE. If there is any 5 sample per second data for the Payload MDM a
flag is set for General Acquisition to read Payload MDM datas this cycle.
The General Data Acquisition procedure is called to read and screen the
data. All Payload MDM data is read at least once per second via FCOS
Fixed BCE Programs, if any Payload MDM data is required at 5 8/5 then
all Payload MDM data is read at 5 S/S. PMU and Payload MDM data is
moved from the Input Buffer (By General Acquisition) at the required rate.

Any interprocess data (and their I/0 Status) required by Precondition
Processing and Fault Detection and Annunciation (FDA) is moved from the
Interprocess COMPOOLs to either the PPB ( for FDA) or the Current Data
Array (for data input to Precondition Processing only). The interpro-
cess IXP contains a section for each read cycle. Each interprocess data
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word to be processed by SM is represented by an IXP entry. Each IXP
entry contains information necessary to move the data word and its sta-
tus flag from a Special Process's COMPOOL to the PPB/CDA. Since this

. data is simply moved from a Special Process COMPOOL to either the CDA

or PPB, no error processing is required.

~ After all data 1s acquired the Forward Scaling module is called to

scale and move the following parameters to the PPB or CDA:

1. All analog parameters requiring second and third order scaling.

2 All SCM only analog parameters (to non. FDA CDA).

3. All first order analog parameters with negative slopes that are
to be processed by Fault Detection and Annunciation.

The read cycle is updated for the next cycle. On the fifth and tenth

read cycles the Payload MDM read flag is turned on for the next cycle

and the correct PPB ready indicator is set so that PM Control may begin
processing the data. Also, at the end of the tenth cycle, if no read
errors were encountered in cycles one through ten, the error count is
reset to zero. The error count is used by General Data Acquisition in
its determination to annunciate PMU failures.

Outputs - Outputs from this module are specified in Table 3.2.1.3.1-1.

Module Referencesg - Process Section - Reference
General Data Acquisition 3.2.1.3.2 CALL (Call List)
PM Control 3.2.1.h EVENT
Forward Scaling 3.2.1.7 CALL (Call List)
Module Type and Attributes
Type: Program
Attributes: N/A
Template References -
D INCLUDE CSADART Basic Processes Data Acquisition
Read Table (DART)
D INCLUDE PFMDMACS ‘FCOS 10 Declarative Replaces
D INCLUDE CSAIXP - Input Buffer to PPB Cross Reference
Table (IXP)
D INCLUDE IDMACS FCOS I0 MACRO
D INCLUDE CSASXT Basiec Processes Scaling Cross Reference
. Table (SXT)
D INCLUDE CSAPPB Parameter Processing Buffer (PPRB)
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Template References (continued)
D INCLUDE CSACDA Current Data Arrasy (CDA)
D INCLUDE TEMPLATE SFS_FOR_SCALE  Forward Scaling
D INCLUDE TEMPLATE CSA_SM_CMT Basic Processes CMT
D INCLUDE TEMPLATE SGA_GEN_ACQ General Data Acquisition
D INCLUDE SGADUMST DUMMY Structures used by all Data
Acquisition
D INCLUDE TEMPLATE CSA INB Input Buffer (INB) :
D ICLUDE TEMPLATE FCMCTM FCOS Compool Containing Error Count

Error Handling - Reference General Data Acquisition, Section 3.2.1.3.2.

Constraints and Assumptions - Data is not acquired from serial channels
for Basic Data Acquisition; however, dsta which has been acquired from
serial channels for Special Processes can be moved to either the PPB

or Non-FDA CDA via interprocess if it is required by other Basic SM
processes.




TABLE 3.2.1.3.1-1 Basic Data Acquisition

MODULE DATA LIST

# ITEM DESCRIPTOR ACT SOURCE/DESTINATION HAL NAME MML REQT.
SYMBOL
1 General Data Acquisition E e} SGA SDA_CALL_LIST
Call List
2 DART Index E 0 S6A SDA_DART HDR
3 DART Address E o] SGA SDA_DART__ADDR
4 I0/STAT Address E 0 SGA SDA TIOB_ADDR
5 INB Address B e} SGA SDA_INB__ADDR
6 {Deleted)
7 PLMDM IOLST Address E o] SGA SDA_TOLST_ADDR
8 PLMDM READ Flag E 0 SGA SDA_PLREAD
9 SP CALL Flag E o] SGA SDA_SP_CALL_FLG
10 READY FLAG1 A.2.11,D.1 I/0 SPM,821 ,SDA/SFM »SDA CSAB_CMT_READY_FLAGJ.
11 READY FLAG2 A2.11,D.1 1/0 SPM,S21,SDA/SPM,SDA | CSAB_CMT READY_FLAG2
12 ERROR Count E,D.2 [o} SGA CS. AV_ CMT_ERROR\‘_COUNT VQ2J0105C
13 Forward Scaling Call E.3.2.1.7 o} SFS SFS__CALL_LIST
List
1% | | READ Cyele Counter s2.n 1/0 SDA/SDA CSAV_CMT_CC
15 DATA Cycle Error Ind. A.2.11 I/0 SGA/SDA CSAV__CYC_ERROP
16 FDA IND A.2.4 I IXp N/A
i7 PL 5 8/8 A.2. 3‘ I - DART CSAS_DART__PLSSS
18 | # PARMS TO AQUIRE n2k T P CSAS_IXP_PROC_NUM_ENTRIES
19 PPR/CDA Index A.2.L I IxXp CSAS_DCP_PROC_PNTR ‘
20 PIMDM Read Flag A.2.11 0 SGA
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3.2.1.3.1-5
‘ Enter ’

{F Read Cycle \ Then Data Cycle '
Counter = 1 / Error Ind = Off
: Using Read Cycle T
IF Ready Flag1 Counter As Index To
Or Ready Flag2 Then Dart Header Estab-
Is Off - / ' lish A Dart Index For
PMU And PLMDMS

‘ Return '

Then Set PLMDM
 IF PL 5SS Flag On Read Flag
On.

CALL General
' Acquisition
Fig. 3.2.1.3.241

PLMDM Read
Flag = Off

Perform Retrieve Interprocess
Parms Figure 3.2.3.1-2

Set Up Forward Scaling
Call List Including Address
Of SXT And # Parms To
Scale

Figure 3.2.1.3.1-1. Basic Data Acquisition

0



CALL Forward |

Scales and Moves
Parms to PPB/CDA
According To SXT

Scaling
Figure 3.2.1.7
Then Set Ready
Flag 1 On

IF Read

Cycle ‘

Counter = § Else IF Read .
Cycle Counter
=10

Add 1 To
Read Cycle

Counter

Then

e/

Set PLMDM
Read Flag On
‘For Next Pass

Set Ready
Flag 2 On

Set Read
Cycle
Counter = 0

Set PLMDM
Read Flag
On For Next
Pass

IF Data
Cycle Error
Ind, Off

Figure 3.2.1.3.1-1. (Cont'd) Basic Data Acquisition.
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3.2.1.3.1-6
Then "Set Error
Count To
Zero
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)

Using Read Cycle Counter
.As Index To Interprocess
IXP Header, Est. An Index
To Interprocess IXP

Using Read Cycle Cntr As
Index To Interprocess |XP
Header, Locate # Parms To
Acquire

DO WHILE

Number Of Parms
To Be Acquired Is
Greater Than Zero

Convert PPB/CDA Index
Pointer In IXP From A

Bit String To An Integer
Index

CALL Acquire Interprocess
Parms To Acquire Parm
From COMPOOL

Figure 3.2.1.3.1-3

IF
Dual Limits Defined
For This Parm

Increment IXP
Index By 1

IF
Parm’s Sample
Rate Is 5 s/s

Then

Then |init. A Temp PPB

Else

Than PPB Index

Index At 5 Greater

Init. A Temp PPB

Decrement #
Parms Acquired
By 1

Figure 3.2.1.3.1-2. Retrieve Interprocess Parms

CALL Acquire Interprocess
Parms To Insert Parm

In Dual Slot of PPB

Figure 3.2.1.3.1-3

Index At 1 Greater
Than PPB Index
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IF FDA
ind On

Then

Else

IF .
Parm Is
EU

Then
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Else

Move Parm
From COMPOOL
To EU PPB

Move Status
From COMPOOL
To EU PPB

Move Parm From
COMPOOL To
Discrete PPB

Move Status
From COMPOOL
To Discrete PPB

‘ Return ’

Move Parm From
COMPOOL TO
Discrete CDA

Move Status
From COMPOOL
To Discrete CDA

Needed For
Precondition
Processing

Figure 3.2.1.3.1-3. Acduire Interprocess Parms
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3.2.1.3.2 General Data Acquisition (SGA_GEN_ACQ)

General Data Acquisition (GEN ACQUISITION) acquires’ and screens data from
the PCM Master Unit (PMU) and payload MDM's (PL.MDM) for Basic Data Acquisition
and Special Processes Data Acquisition.

a.

Control Interfaces - GEN Acquisition is CALL'ed by Basic Data

Acquisition and Special Processes Data Acquisition. The specific
data to be acquired and screened is controlled by tables passed via
the call list. INVOCATION: CALL SGA_GENMACQ(SGA CALL) ’

b. Inputs - There are two typés of input data to GEN Acquisition

1.

External data which is acquired from the PMU, Payload MDM's and
Interprocess COMPOOLS. Once this data is retrieved, and moved
if needed, to either the PPB or CDA, it becomes input to the
other SM functions.

Internal tables (structures) which describe the external data
or control processing (see Table 3.2.1.3.2-1).

Process Description - The control flow for this module is shown in

Figures 3.2.1.3.2-1 through 3.2.1.3.2-11. Data acquisition is
separated into 3 groups of data. B

1.

PMU data is acquired from the PMU and transferred to the INB

(a temporary staging area for all parameters acquired) by
pointing the FCOS to the PMU DART entries and issuing the FCOS
I/0 macro (IOMAC). The FCOS uses the DART information to build
PMU I/0 tables prior to initiating data transfer. Since the I/0
tables are- fixed length, FCOS accepts a limited number of entries
(the maximum number of allowable entries is maintained in the
CMT). Transfer of data is performed at the same priority as the
GEN Acguisition task. GEN Acquisition issues the FCOS read
macro and walts until control is returned before continuing.

After data transfer is complete, Data Screening interrogstes

each word group in the input buffer to determine if all data was
successfully transferred. (A word group is defined as being the
response to a read command.) If no data transfer error occured
parameters for Basic Data Acquisition that are required and not.
scaled are moved to the PPB or non-FDA CDA and their I/0O status

flags are set to valid. The current read -cycle's section of the
Device Input Buffer to PPB Cross Reference Table (IXP) is ref-

erenced to determine where a parameter is to be moved. Each IXP

entry .consists of parameter control indicators and either a PPB or CDA.
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index pointer. The control indicators contain a flag indicating

 whether or not the parameter is to be limit sensed. Parameters

that are to be scaled remain in the input buffer, but a valid

I/0 status is set in the correct table for each parameter

(forward scaling converts and moves the parameter to correct
table)., - Parameters that are to be limit sensed are moved to the
PPB. Parameters with dual limit sets are moved to two locations
in the PPB (reference gection A.2.2). Parameters that are "dis-
play only," SCM only, or input to Precondition Processing only
are moved to the CDA.

Analog parameters are 10 bit measurements residing in bits 1
through 10 of the 16 bit field with the first bit indicating
arithemetic sign of the value. A zero bit indicates a positive
value and a 1 bit indicates a negative value. When these
parameters are moved, they are shifted to bits 7 through 16 of
the target field and the vacated bit locations, 1 through 6, are
filled with the sign bit. ' :

Parameters successfully acquired for Speclal Processes remain in
the input buffer (SPINB) and their I/0 status is placed in the
I/0 status area at the end of the SPINB.

If data screening reveals a transfer error, the I/0 status
flags for all parameters within the word group are set to invalid.
The PMU I/0 error counter is updated and the error is annuncilated

if it is the third error.

The PMU read chain is modified to skip acquired data (and the
failing command if there was an error). This is done by pointing
the FCOSnto the next PMU dart entry -after the failing entry.

This procedure is repeated if there is more PMU data to be read
and 2 esrrors have not occured.

Payload data is acquired from the payload MDM's and transferred
to the input buffer by means of fixed BCE programs. These pro-
grams utilize automatic element bypass and error annunciation.

Comfault bits are interrogated and if ON the I/0 error log Ptr in
the input buffer is set for use in screening. Comfault bits are
set by FCOS to indicate I/0 errors for reads utilizing fixed BCE
programs. FEach bit represents one BCE element (i.e., one read
request). See FCOS User's Guide paragraph 4.2 for more informa-
tion.
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Parameters are moved from the input buffer in the same manner

- as PMU data.  Since error annunciation and bypass is done by

FCOS, the I/0 status flags for parms not acquired are flagged
invalid but no annunciation or retry is attempted by General
Acquisition. '

PIMDM reads are issued for all parms from the first requested
parm to the last requested parm within a channel. The extra
'Dummy' parms are not moved from the input buffer. This is
done to make the PLMDM reads more efficient. '

If there is a PMU bite read requested it is done in the same
manner as the PMU read except there is no error retry attempted.

d. Outputs - Outputs from this module are speéifiedvin Table 3.2.1.3.2-1.

e. Module References - Process Section References

DMA_MAC A System Software external proce-
dure called when parameter fault
annunciation is enabled by FMP_STAT

macro.

f. Module Type and Attributes -

Type: External Procedure

Attributes: Exclusive
g. Template References -

D INCLUDE CSAPPB Parameter Processing Buffer (PPB)

D INCLUDE CSACDA Current Data Array (CDA)

D INCLUDE CSAIXP INB to PPB XREF Table (IXP)

D INCLUDE SMSTAT Replaces for IO Status

D INCLUDE SGADUMST Dummy Structures for Call List

D INCLUDE DMA#MACS Systems Services Error Annunciation

. ' Macro Replace Statements

D TNCLUDE TEMPLATE C7Z1 COMMON Systems Services Common Compool

D INCLUDE TEMPLATE CSA SM CMT Communications Table (CMT)

D INCLUDE TEMPLATE DMA MAC Systems Services Annunciation Routine

D INCLUDE TEMPLATE CDL ANNUN Systems Services Annunciation Compool

D INCLUDE TEMPLATE ANTMACS Systems Services SM PL Fixed Read

w]

Replace Statements

INCLUDE TEMPLATE PFMDMACS Systems Services SM PL Mission Depen-

dent Read Replace Statements

D INCLUDE TEMPLATE PMUMACS Systems Services PMU I/0 Parameter Lists
D INCLUDE TEMPLATE IOMACS System Services I/0 Macro Replace

Statements

D INCLUDE TEMPLATE PFCMCOM FCOS Compool Containing Error Count
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Error Handling - When an error is indicated during a chained read of
the PMU two additional attempts are made to acquire untransferred
parameters. For .read errors the chain is temporarily modified to
skip acquired data and the failing command before the read is re-
tried. This is done by pointing the FCOS to the next PMU DART

entry after the failing entry.

Constraints and Assumptions - All discretes within an acquired word
are acquired at the highest rate required for GPC processing of any
discrete within the word.

&/



TABLE

3.2.1. 3.2-1 General Data Acquisition

MODULE DATA LIST

ITEM DESCRIPTOR ACT SOURGE/DESTINATION HAL NAME MML aEoL
1 Gen Data Acquisition E I1/0 SDA, SSP, SGA/SGA SGA CALL_LST
Call List

2 Dart Index E I/0 SDA, SSD, SGA/SGA SGA_DART HDR

3 | Dart Address E I/0 SDA, SSD, SGA/SGA 5G4 DART ADDR

L I0 STAT Address E 1/0 SDA, SSD, SGA/SGA SGA_IO_ADDR

5 | INB Address E I/0 SDA, S5SD, SGA/SGA SGA_INB_ADDR

6 (deleted)

7 PLMDM I0 List Address E 1/0 SDA, SSD, SGA/SGA SGA_TOLST_ADDR

8 PIMDM Read Flag E 1/0 SDA, SSD, SGA/SGA 5GA_PLREAD

9 SP Call Flag E 1/0 SDA, SSD, SGA/SGA SP_CALL _FLG

10 | Error Count _ E,D2 1/0 SDA/CRT, DL CSAV_CMT ERROR_COUNT V9250105C
11| Parameter Values ’ A.2.2, D.3, A.2.7, o] SPP, SFD, SPM, SFS, N/A

D.h, A.2.16 CRT
12 | Parameter I/0 Status A.2.2, D.3, A.2.7, 0 SPP, SFD, SPM, SFS, N/A
. D.4, A.2.16 CRT

13 | Max Chain Length b I INIT CSAK MAX CHAIY
1k Data Cycle Error Ind, A.2.11 0 SDA CSAV_CYC_ERROR
15 #CWS This Chain E LOCAL SGA_NUM_CWS
16 | I/0 ERROR LOG Ptr E 1/0 "FCOS N/A
17 Error Retry Counter E LOCAL SGA_ERR RETRY

18 # Dart Entries E LOCAL SGA_NUM_ENT

19 # Parms E LOCAL SGA_NUM_PARMS

20 # PMU Entries A.2.3 I SGA CSAS_DART NUM_PMU_ENTRIES

21 | # PIMDM BUS1 Entries A.2.3 I SGA CSAS DART_NUM_PLMDM1 ENTRIES
22 # PIMDM BUS2 Entries A.2.3 I SGA CSAS DART_NUM_PLMDM2_ ENTRIES
23 Read Length A.2.3 I SGA CSAS_DART READ LENGTH

Yoog

uonjeatjidedg ubisaqg pajieyaq WS 140



L -

TABLE 3.2.1.3.2-1 (Cont'd)

MODULE DATA LIST

# ITEM DESCRIPTOR ACT SOURCE/DESTINATION HAL NAME MML REQT.
SYMBOL

2k I/0 Status Ind A.2.10 I/0 SGA/SGA N/A

25 | FCOS I/0 Parm List E LOCAL FCOS SGA_T/0_PARM_LIST

26 Comfault Bits E I FCOS CZEB_COMM__FAUI T

27 Invalid Status Flag E LOCAL SBGA T NWAL STAT

28 Number Of- Comfault bits E LOCAL SGA_NUM_COMFAULT_BIT?

29 T0B Index E LOCAL SGA_IOB__INDEX

\\ ™,
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‘ Enter ) 3.2.1.3.2-7

Error Retry
Counter=3

# Dart Entries
= # PMU Entries

Initialize IXP
And 10B
Indexes

DO WHILE, Error Perform PMU Issue FCOS :ﬁ;ig‘:{es MSC Then Error Retry

Retry Counter # Read Setu Macro To Read C =1
0 And # Dart : L Or Pseudo ounter =
Entries > 0 Fig. 3.2.1.3.2:3 PMU Data Timeout

|F Error Then Perform 1st 10 Error
Retry Counter Flag Parms . PMU Read Log Ptr Associated
=0 Fig. 3.2.1.3.2-9 ’ Flag = ON With Current

PMU Read = -1

PMU Read
Flag = Off

CALL Screening Zero Out
Fig. 3.2.1.3.24 TSW

Perform PL
MDM Read
Fig. 3.2.1.3.2.2

IF Next Dart Then Clear 1/0

Entry PMU | Status Ind
Bite Read

Set Up INB on r\jﬂﬁ

‘ Return ’ Fl;’:;gter rer ," \71‘ & &j{ﬁ) ‘BOUB
R

Issue FCOS
Macro To
Read PMU
Bite Data

[

#CWS This
Chain =1

PMU Read
Flag=0On

CALL Screening
Fig. 3.2.1.3.24

Figure 3.2.1.3.2-1. General Acquisition
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IF PLMDM

IF Set Up DART

Read Flag = On Pointer For
Read

#CWS This Chain Issue FCOS

= #PIMDM Macro To Read

Entries PLMDMS

Using PLMDM Set NUM Of

DART & IXP Comfault Bits

Entries CALL ‘According To

Sereening Type Of Read

Fig. 3.2.1.3.

2-k

Checks For
Read Error
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IF Any Comfault
Bits On

DO FOR Temp
Ptr= 1 To Num
Of Comfault Bits

IF Next

Comfault Bit On

Using Temp Ptr,
Establish Temp
DART Index

Figure 3.2.1.3.2-2, PIMDVM Read

7

Increment
Temp Ptr By 1

Using Temp DART
Index To Point
To Next IO
Error Log Ptr

In INB, Set IO
Error Log Ptr=-1

1

1

|
e s —
This Will Set
10 Error Log
Ptr In Input
Buffer For Use

e —————————



1E # Dart Entries’
>Max Chain Length -1

Set # CWS This

Then | Chain To Max

Decrement # DART] .

"Chain Length

Set CWS This
Else: Chain To #

Entries By # CWS
This Chain

Establish A
DART Index

Using Temp
DART Index

CWS This Chain

Move # CWS This
Chain & Address
Of DART Entry
To FCOS 1/O
Parm List

Figure 3.2.1.3.2-3. PMU Read Setup

DART Entries
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DO FOR # —

Using Temp DART Index
Locate INB Displacement’
And Increment By 4 So-
It Points To |/O Error
Log PTR :

;Using INB Dis-
i placement, Clear

/1/O Error Log Ptr

Increment Temp
DART Index
By One

with Zeroes.
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Enter

Invelid Status
Flasg = Off

DO WHILE
Invalid Status

Flag = Off And

#CWS This Chain
> Zero

Set INB Index
From DART &
Increment By

Exit

# Parms =
Read Length

OFT SM Detailed Design Specification

T
—

bet 10 Error

Log Ptr =
Zero

IF
SP Call Flag
On

‘Fig., 3.2.1.3.2-

Perform SP Bad
I/0 Move

Decrement 1
From #CWS This
Chain

CALL Basic

Bad 1/0 Move
Fig. 3.2.1.3.2-
8

IF PMU Read Set Invalid
Flag On Status Flag
On
|
[
Decrement
Error Retry

Counter By 1

I

Set Data
Cycle Error

Ind On
L

Add #CWS This
Chain To #DART
Entries

IF Error
Count < 32767

Increment Error
Count By 1

IF Error
Count = 3

IF Perform SP
T0 Error Log TF  SP Move Fig.
Ptr For CWS E | Gall Fleg on 3.2.1.3.2-10
# Zero
Decrement 1
From #CWS "
This Chain Perfor@ Basic
Add I To Move Figure
DART Index 3.2.1.3.2-5

Figure 3.2.1.3.2-l ., Screening
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Issue UI
Annunciation
Macro To Engblse
Annunciation
Of Error




DO WHILE
# Parms
Is Greater Than 0

Convert PPB/CDA Index
Pointer In IXP From A
Bit String To An Integer
Index

Then

Increment INB
Index By 1

Decrement # Parms
By 1

Increment 1XP
Index By 1

IF
Parm Is To Be ‘
Limit Sensed

Else.

CALL Move PPB
Parm To Move Parm
To PPB Fig. 3.2.1.3.2-6

Y

\

IF IF
Dual Limits Defined }28 ] Parm’s Sample
For This Parm - Rate Is 5 s/s

Then

CALL Move PPB Parm
To Move Parm To Dual
Limit Slot In PPB
Figure 3.2.1.3.2-6

Else

Increment PPB
Index Pointer
By 6

Perform Move CDA
Parm To Move Parm
To CDA Fig 3.2.1.3.2-7

Figure 3.2.1.3.2-5. Basic Move

increment PPB
index Pointer
By 1
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Enter . Set Parm's 1/0
Then Status In Analog

PPB To Valid
& Reset Offscale
Indicators

Shift And Move

P T ‘ i
armPP?3 Analog Analog Scaling

{Catled By Basic)
Converts
IF : And Stores-Value
Parm Is In PPB
An Analog ‘
|
|
Set Parm’s 1/0
Status In EU
Then | bpg To Valid
& Reset Offscale
Indicators
Else IF Parm
Is EU
Return Eise .| Set Parm’s (/O
Status. In Discrete
PPB To Valid

Move Parm To
Discrete PPB

Figure 3.2.1.3.2-6. Move PPB Parm

5
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Then

IF
Parm Is
An Analog

Else

Set Parm’s 1/0
Status In Analog:
CDA To Valid &
Reset Offscale
Indicators

Shift And Move
Parm To Analog
CDA

iF
Parm Is EU
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Scaling (Conversion To EU) Of
These Parameters Is Done By
User Interface Routine—See
Fig 3.1.4-2

Then

Analog Scaling
(Called By Basic )
Converts And
Stores Value

In CDA

Eise

Set Parm's 1/0O
Status In EU
CDA To Valid
& Reset Off Scale

Indicators

{F Parm
Is Discrete

If Parm Is None
Of The Above,
Then It Is A
‘Dummy’ Entry
And s Not Moved

Figure 3.2.1.3.2-7. Move CDA Parm

\ Then | Set Parm’s 1/0
CDA To Valid

i

Status In Discrete

Move Parm
To Discrete
CDA




% Enter >

DO WHILE

#Parms Is
Greater Than 0

‘ Return ’

[

Then

Convert PPB/CDA Index
Pointer In IXP From A

Bit String To An Integer
Index

[ increment INB
Index By 1

i3
Parm 1s To Be
Limit Sensed

Decrement
#Parms By 1

g
Analog

iF

Dual Limits De-

Eise

1F Parm
s Analog

Figure 3.2.1.3.2-8. Basic Bad /0 Move

7

“R1f Parm Is None Of.

Is Discrete

Status In Discrete
CDA To Invalid

Then § Set Parm’s {/Q
Status In Analog
PPB To [nvalid
Th Set Parm’s 1/0
S Status In EU PPB
To Invalid
Else IF Parm
Is EU
Set Parm’s 1/0
Else Status In Discrete
PPB To Invalid
Then tncrement PPB
Index Pointer
8y 5
Then IF
Parm’s Sample
fined For This Parm Rate s 5 s/s
Else Increment PPB
{ndex Pointer
By 1
Set Parm'’s 1/0
Then | ‘Status In Analog
CDA To fnvalid #
Set Parm's 1/O
Then } Status In EU PPB
To tnvalid
Else IF Parm
Is EU
Set Parm’s 1/O
Then
Status In Analog Else § Set Parm’s 1/O
CDA To Invalid Status In Discrete
PPB To Invalid
Then 1Set Parm’s I/0
Status In EU CDA
To invalid
Else IF Parm |
Ts EU | Else IE Parm Set Parms 1/O

The Above Then it
Is A ’‘Dummy’
Entry And Is Not

!Moved
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For All Parms Not
Transferred, Set IO

Status Invalid

{

DO WHILE
#DART Entries
Greater Than O

Set INB Index
From DART &
Increment By

4

I

#Parms =
Read Length

Ir ﬁ\\ p
SP Call Flag

Is On

Increment DART
Index By L4

Perform SP
Bad I/0 Move
Fig 3.2.1.3.1-1]

Decrement #DART
Entries By 1

CALL Basic Bad
I/0 Move

Fig. 3.2.1.3.2-
8

Figure 3.2.1.3.2-9, Flag Parms
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#%L_E Using .10B Index $et | Special Processes Data

ls Greater Than 0 | 1/O Status To Valid Acq. Has It's Own Input
And Reset Offscale Buffer And 1/0
Indicators Status Area

Decrement # Parms
By 1

Increment 10B
Index By 1

Figure 3.2.1.3.2-10. SP Move
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DO WHILE Using 10B Index
# Parms Set 1/O Status -
Is Greater Than 0 To Invalid

Decrement

# Parms

By 1

Increment 10B
Index By 1

Figure 3.2.1.3.2-11. SP Bad 1/0O Move
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3.2.1.4 Performance Monitor Control (SPM CONTROL)

The Performence Monitor (PM) Control module directs execution of the follow-
ing SM functions: Precondition Processing and Fault Detection and Annunciation.

a.

Control Interface - The PM Control module is SCHEDULE'd by the SM OPS
Control Segment and runs continuously while the OPS sequence is

active.

Invocation: SCHEDULE SPM_CONTROL PRIORITY‘(PRIO_SPM)

Inputs - Inputs to this module are specified in Table 3.2.1.4-1.

Process Description - The control flow for this module is shown in
Figure 3.2.1.4-1 through 3.2.1.L4-6. The PM Control module determines
which Parameter Processing Buffer half to process by checking the

PPB buffer half indicator. A "WAIT" is then issued on the appropriate
ready flag until Data Acquisition (Section 3.2.1.3.1) completes up-
dating of that buffer half., This results in an effective execution
rate of once per second.

When the buffer half is available, the FDA inhibit indicator in the
Communications Table is checked. This indicator is set as a result
of an item entry from the Table Maintenance SPEC function to disable
FDA processing. When FDA is disabled, PM Control updates the FDA
Current Data Array (CDA) with the latest sample of each measurement
in the PPB half being processed. If FDA is not suspended, PM Control
calls Precondition Processing and Fault Detection and Annunciation

. (FDA).

After FDA returns control, PM Control resets the appropriate ready flag
in the Communications Table which indicates that the PPB half has

been processed. This makesg it available to Data Acquisition for use.
The PPB buffer half indicator is then updated to point to the other

PPB buffer half. Control then returns to the top where PM Control
either begins processing the next PPB buffer half or "WAIT"s for

Data Acquisition to complete its processing. This process continues

in such a fashion until the Performance Monitor (PM) Control cancel
flag is set by OPS. cleanup processing.

Outputs - Outputs from this module are specified in Table 3.2.1.4-1.

¥l
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e. Module References - Proceés , Section Reference
Precondition . 3.2.1.5 CALL
Processing
Fault Detection 3.2.1.6 CALL(Call List) -

and Annunciation

f. Module Type and Attributes:

Type: Program
Attributes: N/A

g. Template References:

D INCLUDE CSAPPB Parameter Processing Buffer (PPB)

D INCLUDE CSACDA  Current Data Array (CDA)

D INCLUDE TEMPLATE CSS_SM CMT  Basic Processes CMT

D INCLUDE TEMPLATE SFD _FAULT DETECT ANNUN TFault Detection and
“Annunciation

D INCLUDE TEMPLATE SPP_PRECON PROCESS Precondition Processing

h. Error Handling - None

i. Constraints and Assumptions - None

§A
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TABLE 3.2.1.4-1 PM CONTROL

MODULE DATA LIST

# ITEM DESCRIPTOR ACT SOURCE/DESTINATION HAL NAME MML SYESgbL
1 PPB Buffer A.2.11 I s21 CSAB_CMT_BUF_HALF
Half Indicator D.19
2 Parameter Values A.2.2 T SDR, SDS, SFS CSAS_PPBA_VALUE
D.3 CSAS PPBE VALUE
CSAS PPBP_VALUE
3 Parameter 1/0 Status A.2.2 I SDA, SDS CSAS_PPBA_STATUS
D.3 CSAS_PPBE_STATUS
CSAS_PPBP_STATUS
b Ready Flagl and A.2.11 T/0 SDA, S2I/SDA CSAB CMT READY FLAGL
Ready Flag? D. CSAB (MT_READY FLAG2
5 FDA Enable/ A.2.11 I STM CSAB_CMT_FDA INHIBIT
Inhbit Indicator
6 Parameter Values A.2.7 0 CRT, DL CSAS_FCDAA VALUE
D.5 CSAS_FCDAE VALUE
CSAS_FCDAP VALUE
7 Parameter I/0 A2.7 0 CRT, DL CSAS_FCDAA STATUS
Status D.5 CSAS FCDAE STATUS
CSAS_FCDAP_STATUS
8 PM Cancel Flag A,2,13 I s2T CSAB_CMT_PM_CANCEL
D.20
9. Fault Detection and E.3.2.1.6 L SPM_PPBA_INDEX
Annunciation SPM PPBE_INDEX
CALL LIST SPM_PPBP_INDEX .
10. CDA Indexes E.3.2.1.b L SPM_CDAA INDEX
SPM_CDAE_INDEX
SPM_CDAP_INDEX
11 PPB Indexes E.3.2.1.h L SPM_PPBA TNDEX

SPM_PPBE_INDEX
SPM_PPBP_INDEX

yoosa
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‘ SPM Control »

DO UNTIL
PM Cancel
Flag On

‘ Return ’

Determine Which

| PPB Half To Use

Fig 3.2.1.4-2
IF Th P /
IF . en FDA Enable
PM Cancel | Inhibit Flag
Flag Off On

Indicate To Data
Acquisition That
Buffer Has Been
Processed
. Fig 3.2.1.4-6

Figure 3.2.1.4-1. PM Control

59

. Then

10/16/79
3.2.2. b=k

Else’

Initialize
CDA
Indexes

Move Last Sample
Of Appropriate Ana-
log Value And Sta-
tus From PPB To
CDA

Fig 3.2.1.4-3

Move Last Sample
Of Appropriate EU
Value And Status
From PPB To CDA
Fig3.2.1.4-4

Move Last Sample
Of Appropriate Par-
ent Value And Sta-
tus From PPB To
CDA

-Fig 3.2.1.4-56

Call
Precondition
Processing
Fig 3.2.1.5-1

Call (Call List)
Fault Detection
Annunciation
Fig 3.2.1.6-1




1E
PPB Buffer Half
Indicator = 1

Then

‘Else

Initialize PPB
Indexes In FDA
Call List

WAIT For
Ready Flagt

Initialize PPB
indexes In FDA
Call List

WAIT For
Ready Flag2

Figure 3.2.1.4-2. Determine PPB Buffer Half

55
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DO FOR
All Sample Rate
Sections Of
Analog PPB

Determine From
PPB Header Num-
ber Of Entries And
Sampies For
Section

IF Currently On

PPB Buffer Half
indicator = 2

DO FOR

All Parameters
In Sample Rate
Section

Figure 3.2.1.4-3. Analog Move

.5 s/s Section And Then

Determine From

PPB Header Num-
ber Of Entries In
2nd .5 s/s Section

increment CDA
index By 1

10/16/79
3,2.1. b6

increment PPB
Index By Number
Of Samples

Move Analog
Value From
PPB To CDA

Move Analog 1/O
Status From
PPB To CDA




DO FOR
All Sample
Rate Section

Of EU PPB

Determine

| Number Of Entries

And Samples For
Section

IF Cufrently Or\
.5 s/s Section And Then

PPB Buffer Half
Indicator = 2

Figure 3.2.1.4-4. EU Move

£7

Determine From
PPB Header Num-
ber Of Entries

In 2nd .5 s/s
Section

DO FOR \
All Parameters
In Sample Rate
Section

Increment CDA
Index By 1

Increment PPB
Index By Number
Of Samples

Move EU
Value From
PPB To CDA

Move EU {/0
Status From’
PPB To CDA

10/16/79
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DO FOR All
Sample Rate
Section Of -
Parent PPB

.Determine
Number Of Entries
And Samples For
Section

IF Currently On
.5 s/s Section And
PPB Buffer Half
¥indicator = 2

Then

Determine From

PPB Header Num-
ber Of Entries In
2nd .5 s/s Section

DO FOR

All. Parameters
In Sample Rate
Section

Increment CDA
index By 1

Increment PPB
Index By Num-
ber Of Samples

Move Parent
Value From
PPB To CDA

Move Parent |/O
Status From
PPB To CDA

Figure 3.2.1.4-5. Parent Move -
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PPB Buffer Half
Indicator = 1

Figure 3.2.1.4-6. Data Acquisition Indication

Then

Increment PPB
Buffer Half
Indicator By 1

|

Turn Ready
Flag 1 Off

Else

Decrement PPB
Buffer Half
Indicator By 1

Turn Ready
Flag 2 Off

¥
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~

3.2.1.5 Precondition Processing (SPP_PRECON PROCESS)

The Precondition Processing analyzes parameter values and statuses (pre-
condition inputs) to determine which limit set to use for those parameters with
multiple limit sets. Limit set selection may be for a single parameter or
a group of parameters. The selected limit set is used in subsequent FDA pro-
cessing.. :

8. Control Interface - Precondition Processing is CALL'ed by the PM
Control module (SPM CONTROL) once per second while FDA is enabled.

INVOCATION: CALL SPP_PRECON_PROCESS

b. Inputs - Inputs to this module are specified in Table 3.2.1.5-1.
Input data are contained principally in the Parameter Information
Table (PIT), the Precondition Control Table (PCT), the Precondition
Group Table (PGT), and the Current Data Array (CDA).

c. Process Description - The control flow for this module is shown in
Figure 3.2.1.5-2. When invoked, Precondition Processing sequen-
tially processes all precondition groups as described below.

The warm-up count for each precondition group is initially
set to the max warm-up value by the SM Preprocessor. When a new
limit set is selected, the warm-up count is set to 1. This count
incremented by 1 each time precondition is called, until the warm-
up count is equal to the max warm-up value. Then the number of sets
for the preconditoin group being processed is calculated and saved.
The index to the set solution block is saved. The subject para-
meters are checked for validity (no input errors) and if they are
determined to be valid, processing continues; otherwise, processing
of this precondition solution is inhibited. The prime limit set
(No. 1) is selected for the affected group of parameters and a
one is ascribed to the number of limit sets selected. An interpreter
technique is utilized to solve precondition solutions. The final
limit set selection is made based on the precondition solutions.
This procedure is repeated for all precondition groups.

The input parameter validity check (Figure 3.2.1.5-3) records
input errors for parameters contained in each set. The number of
parameters in each set, the parameter type, and CDA index are saved.
Depending on the parameter type, the appropriate I/0 status flag from
the CDA is stored in the invalid indicator.

The interpreter technique (Figure 3.2.1.5-k4) is utilized to
perform the actual nrecondition solution. This technique uses a
generalized routine including predefined parameter and logical
operation codes found in the PCT to arrive at the precondition

Q
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solution. For the analog and EU parameter types, the status flag is
set equal to the combined high and low limit sense flags. For the
discrete type, the status flag is set equal to the discrete value.

A parameter condition flag is turned on or off depending on the para-
meter operation code and the status flag (see Figure 3.2.1.5-5). The
parameter condition flag is set to 1 if the parameter value agrees
with the parameter Op Code. Otherwise it is set to a zero. For
instance, if the Parameter/Op Code is in-limit then the parameter con-
dition flag is set to one. The Precondition Grouping (Figure 3.2.1.5-6)
actually provides the precondition solutions. The Parm Op Code '
indicates which test (=0, =1 in-limits, out-of-limits) should be
performed on each input parameter. The logical Combination (COMB)

Op Code indicates that logical combination (and, or) should be per-
formed on the results of the parameter tests.

In the case of precondition expressions of the form, ('A=1' or
'B=0') and ('C=0' or 'D=1') where the operators are parenthetically
grouped and where solution of the expression would result in & different
result were the grouping attribute not recognized, those components of
the expression within the groups are solved first, then the entire
expression is solved, left to right. The following example demonstrates
precondition grouping and the algorithm for obtaining a set solution.
Assume A and B are discrete parameters, C is an analog parameter, and
D is an EU parameter. Furthermore, the set solution expression is
'A=0' or ('B=1' and 'C=IL') and 'D=0L' where IL is in limits and OL
is out of limits. A=0 assumes a value of 1 if discrete A has a value
of 0. S8imilarly, in-limit value, 'C=IL' will have a binary value of
1. The set solution expression will be coded as follows.

Parm Op Comb of Position in
Parameter Code Definition Code Parenthesgized Group
A 1 =0 Or
B 2 =1 Or First
C 3 Analog, In And Last
Limit
D 6 EU, Out of
Limit And

The sequential steps for the above set solution expression follows.
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Step 1 Operations

1
2
3

o -3 O\

S1=0 Partial Set Solution
o=1 - Set Solution

S=8 or A=Q-_| ‘

5=0 or A=q

S= [A:(il

OPSAVE=0R

s1= {B=1]
s1= [B=1 ena [t=11]

8=8 OPSAVE S1

s="4=0" or ('B=1' and 'C<IL')
S=S and [D=

s=[B=0 or O(%_lfg ana [=11]) ana [p=01]

Symbology
Sl Partial Set Solution
S Set Solution
( ) Grouping
Parameter Op Code Expressed as a Loglcal Statement. (Enclosed).
OR 'OR' Combination Op Code
AND 'AND' Combination Op Code
IL In Limits
OL Out of Limits

The final limit set selection is made as shown in Figure 3.2.1.5-T.
If the result of the precondition solution for a particular set is
true, an indicator is stored in the PCT indicating the set selected
for this precondition group. If the precondition operation indicates
that more than one solution was satisfied, the prime limit set is
selected for the affected group of parameters. Then the Precondition
Group Table is referenced so that the limit set selected may be
changed for all parameters contained in the affected group.

If no limit sets are resolved by the Precondition Process, the
prime limit set is selected.

If the limit set selected from the precondition solution changes
from the last selection and the max warm-up time is ended, the active
limit set number in the PIT for each affected analog or EU parameter
must be updated., The current noise count is reset to zero and the
hard fail indicator and FDA bypass indicator are reset to off.

. If the parameter affected by the precondition solution is a dis-
crete, the current noise count is reset to zero, the active limit set
is updated, and the hard fail indicator and FDA bypass indicator for
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that parameter are reset to Off in the Discrete Measurement Subentry
Table (DMST ~ a subset of the discrete parent word PIT). The parent
word entry for that discrete is then located in the PIT and the 'MASK2'
portion of that entry is changed and the parameter count field (if .
that parameter is currently in a max good or fail state) is updated.
(Mask 2 containg the limit status of the parent while parameter count
is an internal indicator used by the limit sense routine to determine
if it is necessary to perform limit sensing on the discretes.)

If the limit set selected from the precondition solution changes
from the last solution for the first time (no warm-up time expired),
the warm-up time is set to one. FDA is disabled for all parameters in
the group by setting the FDA bypass flag to ON in the PIT. Also, the
1imit sense indicators are disabled (set off). Finally the last set
selected is set to O, indicating the start of warm-up time.

Qutputs - Outputs from this module are specified in Table 3.2.1.5-1.
Outputs affected by the Precondition Processing routine consist of
the last solution indicator in the PCT and other items contained in
the PIT. The PIT fields, as updated by Preconditioning, control later
processing by the FDA routine.

Module References - None

Module Type and Attributes

Type: External Procedure
Attributes: Default (serially reusable with no protective mechanism)

Templéte References

D INCLUDE CSAPCT Precondition Tables (PCT and PGT)
D INCLUDE CSAPIT Parameter Information Table (PIT)
D INCLUDE CSACDA Current Data Array (CDA)

Error Handling - Precondition Processing performs the following types
of error detection/processing:

@ If any parameter input to any set of that precondition solution
ig found with an invalid parameter validity indicator, further
processing of that solution is inhibited and the prime limit set
(1imit set 1) is chosen for all parameters affected by that solu-
tion.

) If more than one limit set is selected during processing of a
-particular solution, processing will select the prime llmlt set
for all parameters affected by that solution.

AN
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° If no limit set is selected during processing of a precondition
solution, the prime limit set is selected.

i. Constraints/Assumptions

] A maximum of three limit sets may be specified for any preconditon
solution.

. The prime limit set is always limit set one.

® A maximum of four parameters may be specified in a precondition

solution to select a limit set.

° Only one level of parenthesis is permitted for a precondition
solution. Below are examples of valid and invalid precondition
equations for a single set. TFigure 3.2.1.5-1 shows more example
precondition relationships. :

A=1 OR B=1 AND C=1 OR D=OL¥* Valid
- (A=1 OR B=1) AND C=1 OR D=0L Valid
- (A=1 OR B=1) AND (C=1 OR D=0L) Valid

- A=1 OR (B=1 AND (C=1 OR D=0L)) - Invalid, 2 levels of
parentheses

*#0L, = Qut of Limits

0
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EXAMPLE PARAMETER RELATIONSHIPVIN PRECONDITION PROCESS

Precondition Precondition Set . Predefined Limit Sets
Groups Solutions " Set Low High
o : #_ Limit Limit
VL45T0320A GRPA V92X0621X=1 . 1 175 212
V92X0622X=1 2 185 . 222
) V92X0623%=1 3 195 238
V61P2700A ~ (V61S2T04E=1 and V61K2711Y=1) 1 . 50 T5
‘or V6182709E=1
> GRPB
(V6152T09E=0 and V6152704E=0) 2 20 -
or (V615270L4E=1 and
V61K2711Y=0) :
V61R2T224 . Same as V61P2T00A, Set 1 1 550 -

Same as V61P2700A, Set. 2. - 2 - 20

Set solutions in group A are evaluated in. three unique logical-expressions to
select either limit set 1, 2 or 3 for FDA'd parameter VL5T0320A.

Set solutions in group B are evaluated in two unique .logical expressions to
select either limit set 1 or 2 for FDS'd parameters V61P2T00A and V61R2T22A.

Figure 3.2.1.5-1
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TABLE 3.2.1.5-1 PRECONDITION PROCESSING

MODULE DATA LIST

; EQT.
# ITEM DESCRIPTOR ACT SOURCE/DESTINAT!ON HAL NAME MML gYMBOL
1 Number of precondition A.2.5 I CSAS_PCT_PRECONDS
groups :
2 Number of parameters in| A.2.5 I CSAS_?CT_PARMS_;N_QROUP
group
3 Number of parameters in| A.2.5 I CSAS_PCT NUMPARMS_INSET
each set solution
L Warm-up count A.2.5 I/0 CSAS_PCT_WARMUP_COUNT
5 Max warm-up value A.2.5 I CSAS_PCT_MAX_WARMUP
6 Last Limit set selected | A.2.5 1/0 CSAS_PCT LAST SOLUTION
T CDA index of each pre=- A.2.5 I CSAS PCT CDA_INDEX
condition parameter ’
8 Index into PGT A.2.5 I CSAS PCT_GROUP_INDEX
9 PIT index for limit A.2.6 I CSAS_PGT_PIT INDEX
sensed parameters
10 Active Limit set A.2.1 0 SFD CSAS PITA ACT LIM SET
CSAS_PITE ACT LIM SET
CSAS_PITS_ACT LIM SET
il Current Noise Count A.2.1 0 SFD CSAS PITA CUR N_CT
CSAS PITE CUR N_CT
CSAS_PITS CUR N_CT
12 Hard Fail Indicator A.2.1 0 SFD CSAS_PITA HARD FAIL
CSAS_PITE HARD FAIL
CSAS_PITS HARD FAIL
13 FDA Bypass Indicator A.2.1 0 SFD CSAS_PITA FDA BYPASS_IND
CSAS_PITE _F¥DA_BYPASS IND
CSAS_PITS FDA BYPASS IND
a4 Parameter Values A.2.7,D.4,D.5 I SDA,SFD CSAS_FCDAA VALUE
CSAS_FCDAE VALUE
CSAS_FCDAP VALUE
’ CSAS_CDAP_VALUE
15 I/0 Validity Flag A.2.7,D.4,D.5 I SDA,SFD CSAS_FCDAA I0
CSAS_FCDAE IO
CSAS FCDAP_STATUS
CSAS_CDAP_STATUS
16 Number of Limit Sets E L

Selected

SPP_PRECON_NO_LS SEL
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L

TABLE

MODULE DATA LIST

# ITEM DESCRIPTOR ACT SOURCE/DESTINATION HAL NAME MML REQT.
SYMBOL
iT Invalid Indicator E L SPP_INVALID IND
18 Number of Sets E L SPP_PCT_NUM_SETS
19 Index into Parm Set A.2.5 T CSAS_PCT_PARM SET INDEX
blocks (Set Solution
(Index))
20 Parm Type A.2.5 I CSAS_PCT_TYPE
21 Status Flag E L SPP.STATUS FLAG
22 Parm OP Code A.2.5 T CSAS_PCT_PARM_OPCODE
23 Logical Comb OP Code A.2.5 I CSAS_PCT_LOG_COME_OPCODE
24 Partial Set Solution E L SPP_PRECON_SET_SOL1
25 Set Solution E L SPP_PRECON_SET_SOL
26 Parm Condition Flag B L SPP_PRECON_COND
27 Max Noise Count A.2.1 I SFD CSAS PITA MAX Iy CT
CSAS_PITE MAX N_CT
CSAS_PITS MAX N_CT
28 Limit Set Selected E L SPP_?RECON_LS_SEL
29 DMST Parent Position A.2.6 I CSAS PGT_DMST POS
30 Discrete Position in A.2.6 I CSAS_PGT_POSITION
Parent
31 Discrete Limit Sets a.2.6 I CSAS_PITP_LIM_ STATUS
32 Parm Count A.2.1 o] CSAS_PITP_PARM CT

uoneayyiaedg ubisag PajieIeq WS 140 %008
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MODULE DATA LIST

W,

cator

# ITEM DESCRIPTOR ACT SOURCE/DESTINATION HAL NAME MML REQT.
SYMBOL
33 MASK 2 A.2.1 1/0 CSAS_PITP MASK2
3L Limit Sense High Indi- A.2.1 o] SFD CSAS_PITA LIMHI
cator
35 Limit Sense Low Indi- A.2.1 0 SFD CSAS_PITE LIMLO
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3.2.1.5-10
" Enter ’
Increment
Then Warm-Up
Count by 1
DOFOR  \ ' IF Warm-Up
OF recondition ] Count<Max
e oy f L Warm-Up Valve
Groups in PCT /f o P
Calculate Number
Else 1 Of Sets For This
Precondition
Group
Save In Integer
Form The Set
Solution Index
For This Precondi{
tion Group
Perform Validity
Check
- Figure 3.2.1.6-3
' Perform
Then Interpretor
Technique
Figure 3.2.1.5-4
IF Al Input
Parameters Valid
(In Valid Indicaton
= Off)
Select Prime Limit
Set, (No. 1)
Else 1o Set No. Of Limit
. Sets, Selected To
Perform Limit One

Set Selection
Return Figure 3.2.1.5-7

Figure 3.2.1.5-2. Precondition Processing
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Set Invalid
Indicator
To Off

DO FOR All
Sets For This
Condition Group

While Invalid

‘ Indicater 1s Off

Save In Integer
Form The Number
Of Parameters In
This Set

DO FOR Al
Parms For This
Set While Invalid
indicator 1 Off/

1 = FDA Analog

Convert Parm

i Set Index, Parm

Type And CDA
index To integer

Set Invalid,
Indicator Equal
To Analog CDA
1/0 Validity Flag

Save In Integer
Form

o Parm Type
o CDA Index

\

For Parm
Type

2=FDAEU

3 = FDA Discrete

Set Invalid
Indicator Equal
To EU CDA

1/0 Validity Flag

‘Increment
Parm Set
Index By 1

4 = Non-FDA

Discrete

Set Invalid
indicator Equal
To FDA Discrete
CDA 1/0 Validity
Flag

Figure 3.2.1.6.3. Validity Check

Set In Valid
Indicator Equal
To Non-FDA
Discrete CDA /O
Validity Flag
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initialize To O

e Partial Set
Solution
@ Set Solution

DO FOR
All Parm
This Set

IF Set
Solution Resuft
Is Non-Zero

Then

-DO CASE
For Given
Par Type

1 = FDA Analog

2=FDAEU

Set Status Flag
Equal To Sum Of
Limit Sense High
And Limit Sense
Low To Integer
From FDA Analog

‘CDA

Save In
Integer Form
The OP Code
For This Parm

3 = FDA Discrete

Set Status Flag
Equal To Sum

Of Limit Sense
High And Limit
Sense Low To
Integer From FDA

EU CDA

Perform Parameter
Interrogation
Figure 3.2.1.5-56

Set Status Flag

Equal To Discrete
Value From FDA
Discrete CDA

Save In Integer

4 = Non-FDA DiscretJ

Set Status Flag
Equal To Discrete
Value From Non-
FDA Discrete CDA

Logical Comb
OP Code.

Set Limit Set
Selected To This

1 Set, Bump No.
Limit Sets Selected
By 1

Figure 3.2.1.5-4, interpreter Techniﬁue

Perform
Precondition
Grouping

Figure 3.2.15-6
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Sét Parm
Condition
Flag To Off

IF
Operation Code
Is1,3,0rb

|
I
I
I
|
|
|
|
I

|-

_6P Code

DO WN -

IF Status
Then Flag Is A
Zero
IF Status
Else Flag Is A
One
Definition
Discrete = 0
Discrete = 1

Analog In Limits
Analog Out Of Limits
EU In Limits

EU Out Of Limits

Then

Then

Figure 3.2.1.5-56. Parameter Interrogation.

X!
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Set Parm
Condition
Flag To
On

Set Parm
Condition
Flag To On




IF Parm
Part Of
Parenthesized
Group

Else

Then:

IF Logical Com
OP Code An

‘OR’ (Code<-3)

‘Else

Then IF First Parm
Of Parenthesized
Group
Set Solution 'k

Made Equal To
The Set Solution
OR’ed To Parm

Condition Flag

IF Last Parm
In Parenthesized
Group

Set Solution s
Made Equal To
Set Solution
AND‘ed To Parm
Condition Flag.

Then

Else

Save Combin-
ation OP Code
For Parenthesized
Group

Partial Set Solu-
tion Is Made Equal
To Parameter

Condition Flag

Then |

IF Logical Com

OP Code An ‘OR’
{Code<3)

Figure 3.2.1.5-6. Precondition Grouping

Partia! Set Solu-

tion Is Made Equal
To The Partial Set

Solution ‘OR’%ed To

The Parm Condition

Flag

Else

Partial Set Solution
Is Made Equal To

The Partial Set Soiu-

tion ‘AND‘ed’ To

Parm Condition Flag

Then

Set Solution Is
Made Equal To
The Set Solution
‘OR’ed’ To Partial

Set Solution

Else

Set Solution Is
Made Equal To
The Set Solution

‘AND’ To Partial

Set Solution
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IF

Number Of Limit
Sets Selected Is
Not Equal 1

IF Current

Limit Set
Selected

Current Set
Selected Is

‘Limit Set 1

{PRIME)

IF Max Warm-Up
=0 Or Last Set
Selected Is 0 .

Limit Set Selected
Not Same As Last

Change Last Limit
Set Selected To
Current Limit Set
Selected (PCT)

|oo For

All Parms Affecte
By This Precon
Solution (PIT)

Convert This
Parameter’s PIT
index To Integer

Perform Discrete
Limit Update

IF Parm
Type=0
(Discrete}

Figure 3.2.1.5-8

|F Parm Type=1

Set Warm-Up
Count Equal
To | {PCT)

DO FOR Ali
Parms Affected

By This Precondi-
tion Solution
(PIT)

{Analog)

Then

Set Active Limit Set
Zero Noise Count
Reset Hard Fail khdicator

Set FDA By-Pass Indicator
To DFF
{Analog Section) {PIT)

Set Active Limit Set
Zero Noise Count

Eise Reset Hard Fail Indicator

Set FDA By-Pass Indicator
To OFF (EU Section) {PIT)

Set Last
Set Selected
To O

(PCT)

Else

Set FDA By-

Pass {ndicator

To On (Discrete

Section)
Disable Limit Set FDA By-Pass
Sense Low " Indicator To ON.
Indicator (P1T} Then | Set Limit Sense High

and Limit Sense Low

Figure 3.2.1.5-7. Limit Set Selection

Indicators to OFF
{Analog Section) (PIT})

IF Parm
Type=1
(Analog}

Set FDA By-Pass
Indicator To ON.

Else Set Limit Sense High
And Limit Sense Low
Indicators to Off.
(EU Section) (PIT)
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Convert DMST
Parent Position
From PGT To
Integer

Convert Discrete
Position In
Parent To
Integer

IF Current
Noise Count EQ
Max ‘N’ Count

Update Mask2 (PIT);

Zero Current Noise
Count (DMST); Set
Hard. Fail Indicator
And FDA By-Pass

Indicator Off (DMST)
Update Active Limit

Set (DMST)

Then

Figure 3.2.1.5-8. Discrete Limit Update

%

Decrement
Parent Word
Parameter
Count (PIT)

10/16/79
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3.2.1.6 Fault Detection and Annunciation (SFD FAULT DETECT ANNUN)

The Fault Detection and Annunciation (FDA) function executes cyclically,
when enabled, to perform the limit sense and false alarm avoidance functions on
parameters that have limits defined and to initiate the annunciation process for
those which have failed.

a.

Control Interface - FDA is CALL'ed by the PM Control Module (SPM
PERFORM_MON CONTROL) while FDA is enabled.

Invocation: CALL SFD_FAULT DETECT ANNUN (Analog PPB Pointer,EU PPB
Pointer, Discrete Parent PPB Pointer)

Inputs - Inputs to FDA are PPB pointers passed in the Call list as
discussed above and various table entries of information needed to
perforn fault detection and annunciation on each parameter. Parameter
values and corresponding I/0 statuses are located in the Parameter
Processing Buffer (PPB). Other information such as noise counts,

limit status flags, limit values for discrete parameters, pointers to
various tables and annunciation information is located in the Parame-
ter Information Table (PIT). ILimit values for analog and EU parameters
reside in the Limit Sense Table (LIT). All such table information
resides in COMPOOL and is further described in Table 3.2.1.6-1.

Process Description - The control flow is presented in Figures 3.2.1.6-1
through 3.2.1.6-~7. The Fault Detection and Annunciation (FDA) module.

is a table driven processor. When initiated from PM Control, FDA
accesses the Parameter Information Table (PIT) and initiates processing
on the first entry in the PIT. Every sample of a parameter is processed.
Parameter samples are buffered by the Data Acquisition module in the
Parameter Processing Buffer (PPB).

Access into the PPB is gained through the PIT. This accessing is not
done by means of an index in the PIT for each parameter, but rather a
mapping scheme which relates the location of a parameter in the PIT

to its location in the PPB. The PIT is organized into 9 sections -

3 blocks (a block each for analogs, EU, discretes) of 3 groups each

(5 8/s, 1 s/s, .5 s/s). The .5 s/s group if further subdivided into

two sections - one for those parameter samples acquired in Data Acquisi-
tion cycles 1-5 and one for those acquired in Data Acquisition cycles
6-10. The PPB is also organized into 9 blocks with the same arrangement;
however, the PPB is further subdivided such that parameter samples
acquired in Data Acquisition cycles 1-5 are located in the 1lst half of
the PPB and samples acquired in Data Acquisition cycles 6-10 are located
in the 2nd half of the PPB. On any entry to FDA, data is processed from
either the lst half of the PPB or the 2nd half as determined by PPB
pointers passed to FDA in the CALL list.

vk
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&

Parameters that have both ALARM CLASS 0,3 or 4 and ALARM CLASS 2
limits specified have two PIT entries. and respective PPB entries such
that the ALARM CLASS 2 limit entry follows the ALARM CLASS 0,3 or L
limit entry. Thus, all FDA processing is performed on both entries,
as if they were different parameters.

FDA processing is performed serially on all analog parameters, all EU
parameters, then all diserete parent words (Figure 3.2.1.6-1). The
logic and control of analog and EU processing is identical and thus
discussed but once. Applicable control flows are Figures 3.2.1.6-2,
3.2.1.6-3 and 3.2.1.6-4. It should be noted that the processes use a
unique portion of the tables - PPB, LIT, PIT and CDA. The HAL/S
NAMECOPY  facility is utilized to manipulate table pointers such that
portions of both the analog and EU tables (PIT and PPB) mav be ref-
erenced by the same identifiers. This allows usage of the same routine
to process both anslog and EU parameters. In some instances, unique
identifiers must be used since the table entries are different data
types. For example, analog parameter values in the PPB are integer
. whereas EU values are scalar. ;

Discrete processing is unique and thus discussed separately. ‘Applicable
control flows are Figures 3.2.1.6-5, 3.2.1.6-6 and 3.2.1.6-T.

Analog/EU Processing (Figure 3.2.1.6-2)

FDA interrogates the "FDA BYPASS" indicater in the PIT entry for each
parameter to determine if FDA processing is bypassed for that parameter.
The "FDA BYPASS" indicator is set on by precondition processing for each
parameter of a group during group "wearmup" and reset by precondition pro-
cessing when "warmup" is completed (ref. Section 3.2.1.5). In any case,
parameters with the "FDA BYPASS" flag enabled do not undergo FDA pro-
cessing; however, the last sample and associated I/0 status are moved
from the PPB to the CDA, and the limit status indicators are cleared.
FDA processes successive PIT entries similarly until a parameter that

is not bypassed is found. All samples from one second of data are pro-
cessed for that parameter as follows (see Figure 3.2.1.7-3):

Status flags in. the PPB are checked to determine 1f the parameter
sample is valid. If a sample is invalid, further FDA processing
of that sample is skipped. Iimit sense processing is thus per-
formed on 21l valid samples of that parameter. FDA obtains the
current sample from the PPB and the current limit values from the
Limit Table (LIT). An indicator of the current limit set is found
~in the PIT entry for this parameter. The current value is compared
to the high limit, then the low limit. If either of these com~ P
parisons results in an indication that the current value is beyond ' )
one of the limits, the parameter 1s determined to be out of limits.
Noise filtering is then performed (see Figure 3.2.1.6-4).

107)
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If the limit status for this parameter has. changed from in limits
to out of limits (or vice versa), the current noise (n) count is
reinitialized and the limit status for this parameter is updated
in the Analog/EU portion of the PIT. Checks are then made on the
parameter's n count and the limit status and annunciation status
to determine if annunciation should be enabled. A limit failure
is annunciated only if three conditions have been met:

1. This parameter has failed limit sense processing n (maximum
noise count) consecutive times.

2. Annunciation for this parameter is not inhibited (Annuncia~-
tion Inhibit indicator in PIT is off).

3. This parameter is not currently in a '"hard fail" state -
i.e., 1t has not previously been out of limits or it was
out of limits and subsequently came into limits 'n' conse-
cutive times. (Hard Fail Indicator in PIT)

Annunciatlon is enabled by issuing a User Interface Macro. Inputs

to the Macro are an index to a system Fault Message Parameter Table
(FMPT) and a limit status indicator. The FMPT index resides in the
PIT entry of each parameter. Annunciation for ALARM CLASS O para-

meters causes no alarms or fault messages to be generated.

When the last sample of a parameter has been processed, FDA moves
that sample and its associated I/0 status to the FDA CDA., Pro-
cessing continues on all analog/EU parameters (PIT entries) until
all have been processed. '

Discrete Parent Processing (Figure 3.2.1.6-5)

Discrete FDA processing of parent words is similar to analog/EU pro-
cessing except there is no "FDA BYPASS" logic with discrete parents.

A "FDA BYPASS" indicator is associated with each parameter within a
parent and is discussed later. All samples from one second of data are
processed for each discrete parent as follows (see Figures 3.2.1.6-5
and 3.2.1.6-6):

I/0 Status flags in the PPB are checked to determine if the parent
word sample is wvalid. If the sample is invalid, further FDA pro-
cessing of that sample is skipped. Limit sense processing is thus
performed only on all valid samples of that parameter (Figure
3.2.1.6-6).

The FDA parameters within a parent word are isolated by using MASK 1

in the parent word PIT entry and the parent word is limit sensed.
If any parameter within the parent word is out of limits, or the

(09
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Parameter Count (number of parameters within the parent that

have reached max 'n' count) does not equal the number of

FDA parameters within the parent, limit sensing is performed on
each discrete within the parent. - The Discrete Measurement Subentry
Table (DMST) is used to control limit sensing and noise filtering
for the discrete parameters. The parent word's PIT entry contains
a pointer to the sequential DMST entries for the parent word.

The "FDA BYPASS" indicator in the DMST is interrogated to deter-
mine if this discrete parameter is to be FDA processed. If the
parameter is to be FDA processed, Discrete Measurement Limit Sen-
sing and Noise Filter is performed (Figure 3.2.1.6-7). The '
current value of this parameter sample is compared to its "expected"
limit in the MASK 2 entry in the PIT to determine the current limit
state. The 'expected' state of MASK 2 can either be set to the
'should be' or 'should not be' state according to the state of the
discrete described below. The SM Offline Preprocessor initializes
discrete limits to the 'should be' state. If the current limit
status differs from the last sample of this parameter, the 'n' count
is reinitialized and the limit status for this parameter is updated
in the limit status field of the PIT. If this parameter changed
from a maximum good state (has been within limits 'n' consecutive
times) to a fail state or from a hard fail state to an in limits
state, the Parameter Count of this parent word is decremented.

Once the parameter's current noise count equals the maximum noise
count, the 'Parent Word Parameter count' is incremented. If a fail
state has occurred, the User Interface Annunciation Macro is issued
provided the 'Annunciation Inhibit Indicator' and the 'hard fail
indicator' are off. The hard fail indicator is then turned on and
the 'should be' stabte in MASK 2 is changed to the 'should not be'
state. This is done to avold limit sense processing on individual
discretes once they reach a hard fail state.

If the parameter has reached a maximum good state, a check is made
to see if the hard fail indicator is on. If so, the 'should not be'
state in MASK 2 is changed back to the 'should be' state and the
hard fail indicator is reset.

When the last sample of a parent word has been processed, that sample
and its associated I/0 status are moved from the PPB to the CDA. The
limit status 1s moved from the PIT to the CDA. . Processing continues on
all parent words (PIT entries) until all have been processed. When
Discrete Parent processing is complete, FDA returns control to the
CALLing function (PM Control).
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Outputs - Outputs from this module are specified in Table 3.2.1.6-1.

Module References - Process Section Reference
DMA_MAC A System Software external procedure

called when parameter fault annuncia-
tion is enabled by FMP_STAT macro.

Module Type and Attributes

Type: External Procedure

Attributes:

Template References

INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE

gouogogo

INCLUDE
INCLUDE

oo

Default (serisally resusable with no protective mechanism).

TEMPLATE CDL_ANNUN - Systems Services Annunciation Compool

CSACDA - Current Data Array (CDA)

CSAPIT - Parameter Tnformation.Table (PIT)

CSAPPB - Parameter Processing Buffer (PPB)

CSALIT - - Limit Sense Table (LIT)

DMA#MACS -~ Systems Services error annunciation macro
replace statements

SMSTAT ~ BStatus field replace statements

TEMPLATE DMA MAC - Systems . Services Annunciation routine

Error Handling - None

Constraints and Assumptions - None




TABLE 3.2.1.6-1 FAULT DETECTION AND ANNUNCIATION

MODULE DATA LIST

# ITEM DESCRIPTOR ACT SOURCE/DESTINATION HAL NAME MML REQT.
< SYMBOL
1 Analog PPB Pointer E I CALL LIST SFD_PPBA_HALF
2 EU PPB Pointer E I CALL LIST SFD_PPRE_HALF
3 Discrete Parent PPB E I CALL LIST SFD_PPEP_HALF
Pointer ’
i1 PIT Index E L SFD_PIT
5 PPB Tndex E L SFD_PPB
6 Parameter Type Indicator E i - SFD_PARM_TYPE
7 Number of Entries in A.2.1 I CSAS_PITA_NUM ENTRIES
Each Sample/Second CSAS PITE NUM ENTRIES
Section of PIT CSAS_PITP NUM_ENTRIES
8 Number of Samples A2.1 I CSASPITA NUM SAMPLES
Buffered in PPB for CSAS_PITE NUM_SAMPLES
Each Sample/Second CSAS_PITP_NUM SAMPLES
Section of PIT .
9 PPB Buffer Half A.2.11 I S21, SPM CSAS_CMT_BUF_HALF
Indicator D.19 ’
10 Parameter Values A.2.2 I SDA, SDS, SFS CSAS_PPBA_VALUE
D.3 CSAS_PPBE_VALUE
CSAS_PPBP_VALUE
11 FDA Bypass Indicator A.2.1 I SPP CSAS_PITA BYPASS_IND
CSAS_PITE BYPASS_IND
CSAS PITE BYPASS_IND
12 | Limit Status Indicators E L SFD_LIMIT_HI
(High/Low) SFD_LIMIT IO
13 Parameter I/0 Status A.2.7 0 SPP, CRT CSAS: FCDAA. STATUS
D.5 CSAS_FCDAE_STATUS
CSAS_FCDAP_STATUS
14 Parameter Limit Status A.2.T 0 SPP, CRT CSAS_FCDAA_STATUS
D.5 : CSAS_FCDAE_STATUS
CSAS_FCDAP_LIM STATUS
15 Parameter Values A.2.7 o} SPP, CRT CSAS_FCDAA VALUE
D.5 CSAS_FCDAE_VALUE
CSAS_FCDAP_VALUE
16 Current Limit Table E L SFD_LIM

Index
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TABLE 3.2,1.6-1 FAULT AND ANNUNCIATION (Cont'd)

MODULE DATA LIST

ITEM

DESCRIPTOR

ACT

SOURCE/DESTINATION

HAL NAME

MML

REQT.
SYMBOL

17

18

19

20

21

22

23

2k

25

26

27

Active Limit Set

Limit Table Index

Parameter I/0 Status

Anzlog/Eu Limit Values

Parameter Limit Status

Current Noise Count

Maximum Noise Count
Annunciation Inhibit
Indicator

Hard Fail Indicator

FMPT Index

MASKI (Mask of FDA'd
bits in parent word)

A.2.1

SPP

SDA, SDS

ST™

STM, SSP
STM
STM

STM, SPP

CSAS_PITA ACT LIM_SET
CSAS_PITE_ACT LIM SET
CSAS PITS_ACT_LIM SET

CSAS_PITA_LIM TAB INDEX
CSAS_PITE LIM TAB_INDEX
CSAS_PITS LIM TAB INDEX

CSAS_PPBA STATUS
CSAS PPBE ¢ ._STATUS
CSAS ] PPBP ’_STATUS

CSAS LIT_ANALOG_LOW LIMIT
CSAS_I LIT ANALOG HIGH [ LIMIT

CSAS LIT 1 '_EU_] LOW ] LIMIT
CSAS LIT EU_I HIGH LIMIT

CSAS_PITA_LIMIT HIGH
CSAS_PITA_LIMIT LOW
CSAS PITE LIMIT HIGH
CSAS_PITE LIMIT LOW
CSAS_PITP LM STATUS

CSAS_PITA CUR N _CT
CSAS_PITE_CUR_N_CT
CSAS_PITS CUR N _CT

CSAS_PITA MAX N _CT
CSAS PITE 1} MAX N ( ] CT
CSAS_] PITS MAX N ( | CT

CSAS PITA ATARM INH IND
CSAS PITE | ALARM IN'H [ _IND
CSAS ] PITS ALARM INH IND

CSAS PITA_HARD FAIL
CSAS_PITE_HARD FATL
CSAS_PITS EARD_FATL
CSAS_PITS_FMPT INDEX
CSAS_PITE_FMPT_INDEX
CSAS_PITS FMPT INDEX

CSAS_PITP MASK 1
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TABLE 3.2.1.6-1 FAULT DETECTION AND ANNUNCIATION (cont'd)

MODULE DATA LIST

ITEM

DESCRIPTOR

ACT

SOURCE/DESTINATION

HAL NAME

MML

REQT.
SYMBOL

28

29

30

31

32

33

MASK2 (expected Limit
States; Mask of Expected
Limit Values of Cor-
responding FDA Bits in
a Parent Word)

Number of Parameters
in Discrete Parent Word

Discrete Measurement
Subentry Table (DMST)
Index

Bit Location of a
Discrete Measurement
Within Parent Word

Current Limit Status
For Discrete

Parent Word Parameter
Count

A.2.1

STM

ST™™

CSAS_PITP MASK_2

CSAS_PITP NUM_PARMS

CSAS PITP_DISCRETE SUB_INDEX

CSAS_PITS_PARM ID

SFD_DISCREIE_STATUS

CSAS_PITP_NUM_PARMS
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%Namecopy Permits
Common Code To
Access Both Analog
And EU Parameters
From PPB

Initialize PIT tndex To O

Initialize PPB Index To Analog Pointer Passed In Call List

Set Parameter Type Indicator To 1
% Narecopy Analog Tables To Local Table Maps -

CALL Analog/EU FDA
For Analog Parameters
Fig. 3.2.1.6-2

Initialize PIT Index To O

‘Initialize PPB Index To EU Pointer Passed In Call List
Set Parameter Type Indicator To 2

% Namecopy EU Tables To Local Table Maps

10/16/79
3.2.1.6-9

Call List From PM

Control

o Analog PPB Pointer

e EU PPB Pointer

e Discrete Parent PPB
Pointer

CALL Analog/EU FDA
For EU Parameters -
Figure 3.2.1.6-2

Initialize PIT index To O
Initialize PPB Index To
Parent Pointer Passed In
Call List.

CALL
Discrete FDA
Figure 3.2.1.6-5

‘ Return ’

Figure 3.2.1.6-1. FDA

LY




Enter

.

DO FOR
All Sample Rate
Sections Of PIT

Determine Number Of
Entries And Samples For
This Section By Using
PIT Header

‘ Return >

IF

Currently On .5 s/s Section And
PPB Buffer Half Indicator in
CMT indicates 2nd Haif of PPB

Then

Adjust PIT index And
| Determine Number Of
Entries In 2nd .5 s/s
Section

DO FOR

All Parameters in
This Sample Rate
Section

Adjust. PPB Index
Then To Point To Last

Sample

Perform Analog/EU Sample
Else Processor To Process 1 Second

3
.Analog Processing
(Parameter Type
Indicator = 1)

Of Data For This Parameter

Fig 3.2.1.6-3

JPPB To Current Limit
Status In PIT

Else

Update Limit Status In Analog

Move Status Word And
Current Value From Analog
PPB To Analog CDA

Update Limit Status in EU

-PPB To Current Limit
Status In Pit.

Move Status Word And
Current Value From EU
PPB To EU CDA

Figure 3.2.1.6-2. Analog/EU FDA

Status Word Contains

4 Current Value Of I/0,

Limit And Scaling
Status
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Compute Current Limit Table
index For This Parameter By
Using Active Limit Set (PIT)
And Limit Table Index (PIT)

DO FOR
All Samples Of
‘This Parameter

IF

Parameter 1/0 Status (PPB}
Off (Process Only Samples
With Valid 1/0 Flag)

Then

Disable Limit
Status High And
Low Indicators
{Local)

IF

Analog Processing
{Check Parameter
Type Indicator)

iF

Then Analog Value
Exceeds Hi
Limit
iF

Else EU Value-

Limit /

Figure 3.2.1.6-3. Analog/EU Sample Processor

Then Epabl.e l:jmit High
Fiag in Current
Limit Status Field

IF

Analog Value
Is Less Than
Low Limit

Else

Then | Enable Limit High

Exceeds Hi V4

Flag In Current

timit Status Fisld

Lmit Stetus Field

IF
EU Value Is Less
Than Low Limit

Enable Limit Low
flag in Current
Limit Status Field

Enable Limit Low'
Flag In Current
Limit Status Field
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IF Uimit Status Has Changed From
Pass To Fail, Fail To Pass, Fail Low
To Fail High or Fail High To Fail Low
{Compare Limit Status In PIT To

Then

Current Status)

iF

Limit Status Has Changed
From Pass To Fail Or
Vice Versa

Then

Zero Current
Noise Count

IF
Current Noise Count,
Not Equal Maximum

Then

Increment Current
Noise Count By 1

Update Limit Status
In PIT With Current

Tﬁen

Limit Status Field

iF

Annunciation Inhibit
Indicator Off And Hard
Fail Indicator Off

Noise Count
IF
Current Noise. Count
Equal Maximum
Noise Count
\

iF
Current Limit
Status Fail

Then

Set Hard Fail
Indicator On

Else

Reset Hard Fail
Indicator

Figure 3.2.1.6-4. Analog/EU Noise Filter.

Then

Are Mutually Exclusive,”
An Out Of Limits Low

On Results In Limit High
Indicator.. Set Status Off

Limit High And Low Flags

When Limit High Flag Is Off,

" Condition Is Implied. Set Status

Results In Limit Low indicator

/
/.
/

Build Macro Call List

@ FMPT Index In PIT

® Set Status = Limit
High Flag (Local)

Issue User Interface
Annunciation Macro
To Enable Fauit
Annunciation For
This Parameter
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Enter

DO FOR

All Sample Rate
Sections Of
Discrete PIT

< Return ’

Determine Number Of
Entries And Samples For
This Section By Using
Discrete PIT Header

IF Currently On .5 s/s
Section And PPB Buffer
Half Indicator In CMT |
Indicates 2nd Half Of PPB'

Adjust PIT Index And
Determine Number Of
Entries In 2nd, .5 s/s
Section

Then

DO FOR

DO FOR

All Samiples OFf This P='3A

All Parameters In Thl\s aren
Sample Rate Section- Word (Process 1 Second Of
ple Tate Section /‘ Data For This Parameter)

iF
Parameter 1/0 Status (PPB)

Is Off (Process Only Samples
With Valid 1/O Fiag)

Update CDA With 1/0 Status,
Limit Status And Value Of
Last Sample Processed

Figure 3.2.1.6-5. Discrete FDA

Then

Perform Parent
Word Limit Sense

On This Sample -
Figure 3.2.1.6-6
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Isolate FDA Bits In
Parent Word By Using
MASK 1 (PIT). Compare
Result To MASK 2 (PIT).

1F Any Parameter In Parent Word Mis-
compares Or Parent Word Parameter -
Count (PIT) Not Equal Number Of
Parameters In Parent Word (PIT)

Determine Number Of
FDA Parameters In This
] Parent Word (PIT)
Then :
Initialize Index Into The Discrete
Measurement Subentry Table
(DMST)} To Point To This Parent
Word’s Entries

DO FOR

All FDA Parameters In Parent
Word (Process All DMST Entries.
qu This Parent Word)

Figure 3.2.1.6-6. Parent Word Limit Sense

\\\ ‘A/"

iF

FDA Bypass
Indicator (DMST)
Is Off

Then

Perform Discrete
Measurement
Limit Sense
Figure 3.2.1.6-7
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1F

Current Value Of Parameter
{PPB} Equal To Expected
State {MASK 2 In Pit}

1F

Limit Status Has Changed
{Compare Limit Status In
PIT To Current Limit Status)

Set Current

Maximum Noise Count

Zero Current Noise Count (DMST)
Update Limit Status (PIT) With
Current Limit Status Field

iF
Current Noise Count § Then
Not Equal Maximum

Increment Current
Noise Count By 1

Then |} Limit Status
Flag {Local)
To Fail
Then IF Parameter Eise ] Set Current Limit .
Currently Hard ) 4 Status Flag {Local)
Fail /. To Pass
1F Parameter Set Current .
Else ¥ Currently Hard Then } Limit Status
Fail Flag {Local)
To Pass
Eise Set Current Limit
Status Flag (Local}
To Fail
. IF ™
Then Current Noise Count Is Equal To en Decrement Parent Word

Parameter Count (P{T}

IF \_
Then | Annunciation Inhibit Indicator Then

(DMST) Off And Hard Fail

Indicator {DMST) Off

Build Macro Calf List

o FMPT index In PIT

o Set Status = 0
{Limit Low)

l

|

IF \F e Issue User Interface
- Set Hard Fail Annunciation Macro
. Th — ’ ?
Current Noise Count en Current Limit Indicator To Enable Fault
Equal Maximum Status Fail {DMST) On Annunciation For
Noise Count This Parameter
Change Mask 2
1
perement B Ve T
Parameter “‘Should Not Be’
Count (PIT) State
(N Count Reached)
IF Hard Fail Change Mask 2 Reset Hard Fail
Else Tr-wdic:rtor Stlat Then 8 Bit Value To Indicator For
On ‘Should Be’ This Parameter
State

Figure 3.2.1.6-7. Discrete Measurement Limit Sense And Noise Filter
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3.2.1.7 Forward Scaling (SFS_FOR_SCALE)

The Forward Scaling function performs the logic necessary to convert para-
meter values from PCM units to engineering units. Forward Scaling for display
purposes is performed by UI and not by this funection.

a.

Control Interface - The forward scaling module is CALL'ed by any SM

function which requires first, second or third order forward scaling
solutions. Functions which use this conversion routine are SM Data

Acquisition, Special Processes Data Acquisition, Table Maintenance,

and Table Maintenance Cyclic Update.

The Table Maintenance Cyclic Update routine converts analog parameter
values to engineering units for display. The Table Maintenance process
converts limit values (in analog format) to engineering units for dis-
play. Special Processes Data Acquisition converts all special processes
analog input parameters to engineering units for processing. SM Basic
Data Acquisition converts analog parameters that require 2nd or 3rd

order scaling and first order analog parameters with negative slopes that
are to be processed by Fault Detection and Annunciation. Those analog
paremeters (first order non-negative slope) that are processed in analog
(integer) format throughout basic SM processes are converted to engineer-
ing units for display by the System Software Cyclic Display Processor.

Invocation: CALL SFS_FOR_SCALE (address pointer into SXT, number of
parameters to be scaled);

Inputs - Inputs to this module are specified in Table 3.2.1.7-1.

Process Description - The control flow for this module is shown in
Figures 3.2.1.7-1 through 3.2.1.7-3. TForward scaling converts multiple
analog PCM count parameters to engineering units. The calling routine
provides, in the Call List, SXT and SAT, information necessary to scale
each parameter. This information consists of the nuwber of parameters
to be scaled, pointers to the PCM value, coefficients, status word,
curve order, and output target location. The acquisition status of
each parameters is checked to determine if offscale checking is to be
performed. If acquisition status is good, the off-scale checks are
made and the value is scaled. If the value is off-scale high or low,
an appropriate indicator is set in the status word. The coefficients
are obtained from the SAT and the parameter is scaled. The solution is
placed in the output target location.

Forward scaling is performed by the following equations. X is the value
(PCM count) to be scaled and A, A, An, and A, are the scale coeffi-

0 1 2 3
cients from the SAT.
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Third degree: EU= AgX> + ApX° + AjX + Ay
. _ 2

Second degree: EU= AX™ + A1X + AO

First degree: EU= AlX + Ay

Qutputs - Outputs from this module are specified in Table 3.2.1.7-1.

Module References.  None

‘Module Type and Attributes

Type: External Procedure
Attributes: "Reentrant

Template References ~ None

Error Handling - None

Constraints and Assumptions - None
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TABLE  3.1.2.7-1 FORWARD SCALING

MODULE DATA LIST

# ITEM DESCRIPTOR ACT SOURCE/DESTINATION HAL NAME MML REQT.
SYMBOL
1 Forward Scaling E I SDA, SSD
CALL LIST
2 Address Pointer Into SXT E I CALL LIST SFS_SXT
3 Number of Parameters E I CALL LIST SFS_NUM_PARMS
To Be Scaled
k Pointer to Analog Input E L SXT_ANA VAL
Value
5 Pointer to EU Output E L SXT_EU VAL
Location
6 Pointer to Coefficients E L SXT_SAT PTR
T Pointer to Status Word E L SXT_STATUS
8 Curve Order E L SFS_CO0
9 I/0 Status Indicator E L I0
10 Off-Scale Indicators E L SCALE HT
SCALE LOW
11 Coefficients E L SFS_COEF
12 E.U. Value E L SFS_EU
13 PCM E L SFS_PCM
1k PMU Indicator B L

PMU_TND

uonjeaijisedg ufiisaq pajie}ad WS 140 1004
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‘ Enter ’

Number Of
Parameters To
Be Scaled

< Return ’

Scaling Call List

e Pointer Into SXT

® Number Of Param-
eters To Be Scaled

DO FOR - ,
IF

170 Status Then

Indicator Good

Shift PCM Right
6 Places To Con-
vert To Integer
Format

Perform Off-
scale Status
Checking
Fig 3.2.1.7-2

Initialize
Pointer To
Coefficients
Entry In SAT

Perform Poly-
nomial Solu-
tion

Fig 3.2.1.7-3

Store EU In
Output EU
Value Loca-
tion

Figure 3.2.1.7-1. Forward Scaling

/XY

10/16/79
3.2.1.7-h

Forward Scaling
Stores EU Value

In Location Provid-
ed By Calling
Routine

Ref. SXT A.2.13
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-High Indicator

Set Offscale

IF

PCM <0
(Offscale Low
Check)

Set Offscale
High Indicator

Then
IE_
Then! pCM =500
(Offscale High
Check)
Else
IE_
PMU Data
Then|
IF
PCM =511
Else {Offscale High
Check)
Else

1F

PCM £ - 512
(Offscale Low
Check)

Figure 3.2.1.7-2. Status Check

©10/16/79
3.2.1.7-5

Set Offscale
Low Indicator

Then

Set Offscale
Low Indicator




10/16/19
3.2.1.7-6

" Initialize EU To
Highest Order
Coefficient®

DO FOR ‘\ EU = EU - PCM +C(j 4
I=1To i .

Curve Order / Evaluate Polynomial®

*Note:
Coefficients stored in reverse order.

1st Order 2nd Order 3rd Order
Cy=Ag Ca=4Aq Cy=Ag

Figure 3.2.1.7-3. Polynomial Solution Routine
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3.2.1.8 Backward Scaling (SBS_BACK SCALE)

The Backward Scaling module performs the logic necessary to convert a first
order parameter value from engineering units to an analog PCM value.

a.

Control Interface - The Backward Scaling module is CALL'ed by Table
Maintenance and Payload Control when they require backward scaling.

Invocation: CALL SBS_BACK SCALE (pointer to SAT entry, value to be
scaled) ASSIGN (off scale flag, PCM value)

Inputs - Inputs to this module are specified in Table 3.2.1.8-1.

Process Description - The control flow for this module is shown in
Figure 3.2.1.8-1. The analog backward scaling routine uses a call
list to obtain the coefficients, status indicator, value to be scaled,
and output target location. Once the coefficients are obtained the
value is scaled and the PCM result is off-scale checked. If the value
is off-scale high or low, an indicator is returned to the calling
routine.

Backward scaling is performed by the following equation. (A, and A7
are the scale coefficients).

PCM = EU -Ao

A |
Outputs - Outputs from this module are specified in Table 3.2.1.8-1.

Module References - None

© Module Type and Attributes

Type: External Procedure
Attributes: Reentrant

Template References - None

Error Handling - None

Constraints and Assumptions - Only first order parameters are backward
scaled.
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TABLE 3.2.1.8-1 Backward Scaling

MODULE DATA LIST

ITEM DESCRIPTOR ACT SOURCE/DESTINATION HAL NAME MML REQT.
SYMBOL
Backward Scaling Call E L
List
Coefficient Pointer E L CALL LIST SBS_SAT_PTR
EU Value E - L CALL LIST SBS_EU_VAL
Off Scale Flag B L CALL LIST SBS_ OFF_SCALE
PCM Value E L CALL LIST SBS_PCM VAL
Coefficients B L SAT COEF

nooa
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«»

Set
Coefficient index
To Coefficient
Pointer
PCM =
EU Value — AO
Aq
Th Set
= Offscale
Flag = ON
IF :
PCM>511
Or PCM<—512
Else Set
Offscale
Flag = OFF
PCM Value = PCM

‘ Return ’

Figure 3.2.1.8-1. Backward Scaling
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3.2.1.9

The

Special Processes Executive (SSP_EXEC)

Special Processes Executive controls the acquisition, processing and

output of data associated with special computations and sequences.

&

b.

d.

Control Interface - The Special Processes Executive is SCHEDULE'd
at OPS initialization by the OPS control segment at a rate of five
times per second.

Invocation: SCHEDULE SSP_EXEC AT PHASE SSP PRIORITY (PRIO_SSP),
REPEAT EVERY TIME SSP; '

Inputs - Inputs to this module are specified in_Table 3.2.1.9-1.

Process Description - The control flows for the Special Processes
Executive is shown in Figures 3.2.1.9-1 through 3.2.1.9-3. The
processing performed during each execution of the Special Processes
Executive is governed by the Hybrid Dispatcher and Hybrid Dispatch
Table. The Hybrid Dispatcher is a HAL/S block of code which
facilitates the calling of procedures through the use of a table in
this case, the Hybrid Dispatch Table. This table is completely
discussged in'Appendix A.2.22. One complete executive cycle consists
of ten executive executions (two seconds). Data acquisition, special
processes (computatiohs and sequences) and data output are assigned
to specific cycles to permit load balancing. The current GMT time
is obtained in cycle 1 for use in the various special processes.

Data Acquisition is called on assigned cycles as required by the special
processes. Based on the phase count, the appropriate special proc-
esses are called. On the executive cycles in which Payload Bay

" Doors is called, the PBD active/inactive flag (set at Mode initialization)

is checked to determine if the Payload Bay Doors is to be executed.
In executive cycle ten, Antenna Management is called and the Special
Processes Data Output module is called to output all special proc-
esses commands which are enabled.

Outputs -~ Outputs to this module are specified in Table 3.2.1.9-1.
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€.

Module References

Process

Special Processes Data Acquisition
APU Fuel Quantity

Fuel Cell Computations

Hydraulic Water Boiler Quantity
02/1\T2 Quantity

H20 Pump Delta Pressure

Recorder Position Tape

Fuel Cell Purge

Hydraulic Fluid On-Orbit Temperature
Control ’
Payload Bay Doors (OPS 202 only)
Standby Water Coolant Loop
Temperature Control

Antenna Management

Special Processes Data Out

Module Typé and Attributes

Type: Program

Attributes: Default (serially reusable

Template References

INCLUDE TEMPLATE SSD_SP_DATA ACQ

INCLUDE TEMPLATE SSO_SP_DATA OUT

INCLUDE TEMPLATE SSA APU FUEL QTY
INCLUDE TEMPLATE SSF_FUEL CELL |

INCLUDE TEMPLATE SSH_HYD H20 QTY

INCLUDE TEMPLATE SSN_02N2 QTY

INCLUDE TEMPLATE SSW_H20_PUMP_P
INCLUDE TEMPLATE SSR_REC_TAPE

Doy O gououoou

INCLUDE TEMPLATE SST HYD FLD TEMP

INCLUDE TEMPLATE SSB_PL BAY DOORS
INCLUDE TEMPLATE S5SS_STAND H20 COOL
INCLUDE TEMPLATE SSM_ANT MGMT
INCLUDE TEMPLATE CSS_SP_CMT
INCLUDE TEMPLATE CGE_DISPATCHER

Oouogu

w)

INCLUDE TEMPLATE SHD_HYB DISPATCH

"Section

INCLUDE TEMPLATE SSC_FUEL CELL PURGE

Date: 110/16/79
- Page: 3.2.1.9-2-

Reference

CALL.
CALL
CALL
CALL
-CALL

CALL

CALL
CALL
CCALL

Ul W o

(@)Y

°
.

Www Ww wwwww

\O Co—3

RPN D DOV
R e R = N R
Sl o

CALL
CALL

w w
n

e
N
= o

CALL
CALL

RN

N
=B
NS

w w

with no protective mechanism)

8P Data Acquisition
SP Data Out

.APU Fuel Quantity

Fuel Cell Comp

Hydraulic Water Boiler Quantity

0,/N, Quantity
HéO Pump Delta Pressure

Recorder Position Tape
Fuel Cell Purge

Hydraulic Fluid On-Orbit
Temperature

Payload Bay Doors

Standby Water Coolant Loop
Antenna Management

Special Processes CMT
Contains code for hybrid dis-
patcher-

SM Hybrid Dispatch Table
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Page: 3.2.1.9-3

D INCLUDE GEDISP Contains integer value used by
' Hybrid dispatcher to index
through Dispatcher Table.

D INCLUDE TEMPLATE CSZ_ ICC_CMT _ ICC Input Buffers‘and_Communica-
' . tions: Table.
D INCLUDE DIM ICC_COLLECTOR UI ICC Collector routine

Error Handling - None

Constraints and Assumptions - Special Processes Data Out is called
by the Special Processes Executive once. every two seconds. and
assumes no outputs other than PBD are required more frequently than
once every two seconds :

) D%
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TABLE 3.2.1.9—1.. Special Processes Executive

MODULE DATA LIST

ITEM DESCRIPTOR ACT SOURCE/DESTINATION HAL NAME MML REQT.
SYMBOL
(deleted)
Hybrid Dispatch Table A.2.22 I SHD_HYB DISPATCH
SP Current Time 4.2.13 0 Various Special CSSV_SP_CURRENT _TIME V9IM1999P
Processes
Negmax E L NEGMAX
PBD Active/Inactive Flag A.g.zz T s21 SHD_HYB DISPATCH.FREQ$(10;1)
D.
Full Execute Flag A.Z?ll o} S8B, SSD CSSB_FULL_EX_FLAG

P

\\\”//
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L]

Point Hybrid
Dispatcher To
Hybrid Dispatch
Table .

DO WHILE
True

Remain In DO

/ Loop Until Exit

Is Executed

This Process Will

Phase Count
= Phase Count
-1

1

To Hybrid Dis-
patch Table To
Point To Next

Update Pointer

Entry

iy \
Phase Then
Count<0

Else

o

Phase Count =
Frequency —
Negmax

Phase Count =
Frequency

PERFORM
CALL On
Case Number

Figure 3.2.1.9-1. Special Processes Executive

Hybrid Dispatcher

Frequency )_Tfl_ fh1ase Count

Exit
Dispatcher

6L/91/0T
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SP Current
Time =
Clocktime

CALL
SP Data
Acq

{Sec 3.2.1.10)

{Sec 3.2.1.12) CALL

3 Fuel Cell
Comp
(Sec 3.2.1.13)

CALL

4 Fuel Cell
Purge

{Sec 3.2.1.18)

™ " Dispatcher = CALL

02/N2 Qty

(Sec 3.2.1.15)
CALL

6 HoO Pump

{Sec 3.2.1.16)

DO CASE
Case
Number

Hyd Fluid

{ 7 CALL
i (Sec 3.2.1.19)

"

CALL

8 Recorder
Position Tape
{Sec 3.2.1.19)

CALL

9 Hyd Water
Boiler Qty
(Sec 3.2.1.14)

CALL

10 Payload

Bay Doors
{Sec 3.2.1.20)

CALL

11 Standby
Water Coolant
(Sec 3.2.1.21)

CALL

12 Antenna
Management
(Sec 3.2.1.22) CALL

13 SP Data ..
Out
(Sec 3.2.1.11)

14 Set Full
Execute Flag

Figure 3.2.1.9-2, CALL On Case Number
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3.2.1.10 Special Processes Data Acguisition (SSD_SP DATA ACQ)

The Special Processes (SP) Data Acquisition module causes the acquisition
of all data required by Special Processes from the PCM Master Unit (PMU) and/or the
payload MDM's. Data not acquired due to I/0 failure is flagged invalid.

a. ' Control Interface - SP Data Acquisition is CALL'ed by the SP Executive
once every second in OPS 201 and every 400 MS in OPS 202.

Invocation: CALL SSD_SP _DATA ACQ
b,  Inputs - Inputs to this module are specified in Table 3.2.1.10-1.

Ce Process Description - The control flow for this module is shown in
Figure 3.2.1.10-1. The full execution flag is first checked. If
off, then the General Data Acquisition call list is set up with a
DART header requesting only PLMDM data be acquired and processed
(# of PMU entries = O and the IOB address is set to the first MDM
entry the IOB). General Data Acquisition is CALLed to read PLMDM
data into SP Input Buffer (SPINB), screen for transfer errors, and
move the I/0 status of each parameter to the end of the I0B. The
Forward Scaling module is not called.

If the full execution flag is on, then the General Acquisition call
list is set up with a DART header requesting both PMU and PLMDM data
be acquired and processed and the I0B address is set to the beginning
of the IOB. General Data Acquisition is called to read PMU and PLMDM
data into the SP Input Buffer (SPINB), screen for transfer errors, and

move the IO status of each parameter to the I0B. The foward scaling
module is called to scale all analog parameters acquired and place the

EU values in the SPINB.

'd.  Outputs - Outputs from this module are specified in Table 3.2.1.10-1.

€. Module References -
Process Section Reference
General Data Acquisition 3.2.1.3.2 CATL(Call List)
Forward Scaling 3.2.1.7 CALL(Call List)

f. Module Type and Attributes -

Type: External Procedure .
Attributes: Default (serially reusable with no protective mechanism).
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Template References - .

INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE

TEMPLATE,
TEMPLATE
TEMPLATE
TEMPLATE
TEMPLATE
TEMPLATE
SGADUMST
ANTMACS
TOMACS

CSS_SP_CMT
0SS_SPINB
SFS_FOR_SCALE
CSS_DART
SGA_GEN_ACQ
CSS_SXT

Flight Software

Date 10/16/79
Rev

~Page 3.2.1.10-2

Special Processes CMT

Special Processes Input Buffer (SPINB)
Forward Scaling

Special Processes DART

General Data Acquisition

Special Processes SXT

Dummy Structures For Call List

Fixed FCOS Read Replaces

I0 Macro Replaces

Error Handling - Reference General Data Acquisition, section 3.2.1.3.2.

Constraints and Assumptions - None
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TABLE 3.2.1.10-1. Special Processes Data Acquisition

MODULE DATA «:ST

# ITEM DESCRIPTOR ACT SOURCE/DESTINATION HAL NAME MML REQT.
SYMBOL
1 Parameter Values A4.2.17 1/0 SPA, SFS, SSA, SSF, N/A
SSH, SSN, SSW, SSR,
SSc, SST, SSB, SSM
2 Parameter I/0 Status 4.2.17 ) SFS, SSA, SSF, SSH, N/a
SSN, SSW, SSR, SSC,
SST, SSB, SSM
3 General Acquisition ] o SGA C
Gt Tist SSD_CALL,_LIST
L Dart Index E ) 5cA SSD_DART HDR
5 Dart Address E 0 ISGA SSD_DART_ADDR
6 I0 Stat Address E 0 SGA SSD_IO_ADDR
7 INB Address E 0 saa SSD_INB_ADDR
8 (deleted)
9 PLMDM I/0 List Address |E sea SSD_IOLST_ADDR
10 PIMDM Read Flag E 0 ISGA SSD_PLREAD
11 SP Call Flag E 0 SGA SSD_SP_CALL FIG
12 Forward Scaling Call List|E.3.2.1.7 ) SFC SFS_CALL_LIST
13 Full Execution Flag A.2.11.3 I/0 KSD, SSP/SSP CSSB_FULL_EX_FLAG
1k T0B A.2.17 0 EFS, SSA, SSF, SSH,

ESN, SSW, SSR, S5SC,
ST, SSB, SSM

uonyealyisedg ubisa@ pajierad WS 140 :X009
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‘ Enter ’

IF
Full Exe-
cution Flag

Off

( Return ’

Then

Set Dart Index
To Second Dart

Else

Header Entry
(PLMDM Read
Only)

1O Stat Address
= First PLMDM
I0B Entry

tion Call List
CALL Gen Acqui-
sition

Fig. 3.2.1.3.2-1

Using Gen Acquisi-

il —————

Set Dart Index
To First Dart

Header Entry
(PMU & PLMDM
Reads)

Turn Off Full
Execution Flag

10 Stat Address
~ = First 10B
Entry

Using Gen Acquisi-
tion Call List
CALL Gen Acqui-
sition

Fig. 3.2.1.3.2-1

e e s o of

All Tables For Special
Processes Data Acquisition
Are Non-Mission Dependent
And Are Not Generated By
The SM Preprocessor

All Tables For Special
Processes Data Requisition
‘Are Non-Mission Dependant
And Are Not Generated By
The SM Preprocessor

Using Forward Scaling
Call List (Hard Coded)
CALL Forward Scaling
Fig. 3.2.1.7

Scales And Moves Parms
To EU Section Of SPINB
According To SXT

Figure 3.2.1.10-1. SP Data Acquisition

Y,

'10/16/79
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3.2.1.11 Special Processes Data Out (SS0_SP_DATA OUT)

The Special Processes (SP) Data Out module writes all SP
out t
payload MDM's and performs all SP annunciation. puts to the»

a. Control Interface - SP Data Out is CALL'ed by the SP Executlve once

every two seconds and by the Payload Bay Doors process whenever it
has commands to output.

" Invocation: CALL SSO_SP DATA OUT

b. Inputs - Inputs to this module are specified in Table 3,2. 1.11-1.

(o]

. Process Description -~ The control flow for this module is shown 1n
ya Figure 3.2.1.11-1.

If Payload Bay Door (PBD) outputs are indicated, Payload Bay Door
reset masks are set up for FCOS output processing and an FCOS macro
is issued twice to output all PBD output parameters in the SP Output
Buffer twice. Otherwise, reset masks are set up for FCOS output
processing and an FCOS macro is issued to output all non-PBD SP
output parameters in the SP Output Buffer. Discrete parents common
to PBD and the other processes are merged into one word for downlist.

SP annunciation output processing is then performed. All annunciation
indicators are scanned. Annunciation is enabled for those indicators
that have been set by other SP modules. Once annunciation has been
enabled for a particular indicator, it is non re-enabled until that
indicator has been reset (and processed by Special Processes Data Out)
and subsequently set on again.

a. Outputs - Outputs for this module are specified in Table 3.2.1. ll—l

e, Module References -

‘DMA MAC - A System Software external procedure CALL'ed when
parameter fault annunciation is enabled by FMP_ENABLE

f. Module Type and Attributes -

Type: External Procedure
Attributes: Default (serially reusable W1th no protectlve mechanism).

g Template References -

D INCLUDE TEMPLATE DMA_MAC System Services Annunciation Routine

D INCLUDE DMA#MACS ' Systems Services Error Annunciation
Macro Replaces

D INCLUDE IOMACS Systems Services IO Macro- Replaces

D INCLUDE TEMPLATE CSB_PBD_ CMT Payload Bay Doors Communication Compool

D INCLUDE TEMPLATE PFFOMACS Systems Services SM PF Fixed Output
Replace Statements

D INCLUDE TEMPLATE CZ1_COMMON Common Compool

D INCLUDE TEMPLATE CSS_SPOB Special Processes Output Buffer

D INCLUDE TEMPLATE CDL_ANNUN Systems Services Annunciation Compool

[ HO
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h. 'Error Handling - None

i. Constraints and Assumptions -~ None

ey
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TABLE 3,2.1.11-1. Special

Processes Data Out

MODULE DATA LiST

P ITEM DESCRIPTOR ACT SOURCE/DESTINATICN HAL NAME MML 25320L
1. Analog Output Parametersi A.2.16 I/0 S5A, SSH, S8C, SST, N/A
SSB, SSS5, SSM/PL MDM
2. PBD Output Indicator A.2.11 I S5B CSBB_PBD OUTPUT INDIC
3. Current Annunciation £.2.16 I 85C, SST, S5B, S8M CSSB_CUR_ANN
Indicator Parent
t . Previous Annunciation A.2.16 0 l;JRT , DL CSSB_PREV_ANN
Indicator Parent
5. Set Mask 4.2.16 I/0 $80/880,FCOS N/A
6. Reset Mask A.2,16 0 $80/FCOS N/A
7. Applicable Bit Mask A.2.16 I 580 N/A
8. FMPT Pointer Table A4.2.16 I sso CSSV_ANNUN_PNTR
9. Dovnlist Mask A.2.16 I/0 850 N/A

uoniealjidedg ubisaq pajieyaq WS 140 X009
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Set up each reset mask in
| PBD Discrete. section of
SPOB using epplicable bit
masks, and set masks from
PBD (Reset Mask = (Not Set
Mask) And Applicable Bit
Mask) ’
|

Issue FCOS macro to out-
put discrete PBD SP data

Enter

Applibable bit masks are

used to construct the

IF PBD Output in-
dicator is On

indicators set by the var-]

Issue FCOS macro to out- ious special processes are

used as SET masks.

put discrete PBD SP data

Set up each reset mask in
non-PBD Discrete section
of SPOB using applicable
bit masks, and set masks
E }from Spec processes
(Reset Mask - (Not Set
Mask) And Applicable Bit
Mask)

_1
|
|
I
|
I
|
!
F__,RESET masks. The cormand
I
!
I
I
|
!
_J

Downlist Masks
= PBD Set Masks
Or Non-FBD Set
Masks

Issue FCOS macro
to output ana-
log, serial, and
Non-PBD discrete
serial discrete
data

IF Current An-
nunciation Indi-
cator Parent #

Previous Annunci-
ation Indicator
Parent

DO FOR each Cur~
rent Annunciation
Indicator in
Parent

IF Current An-
nunciation Indi-
cator ¥ Previous
Annunciation In-
dicator and Cur-

Return

Set Previous An-|
nunciation Indi~
cator Parent =
Current Annun.,
Indicator Parent

Figure 3.2.1.11-1. SPEC Processes Data Out

rent Annuncie-
tion Ind. is On

/4%

Using FMPT Poin-]
ter Table, set
pointer to FMPT

Issue UL Annun-
ciation macro to
enable Annunci-
ation Of Error
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3.2.1.12 APU Fuel Quantity (SSA;APU_FUEL_QTY)

~

"The APU Fuel Quantity module executes cyclically to determine the
quantity of fuel remaining in the APU fuel tanks. '

' .a. Control Interface — The APU Fuel Quantity module is CALLed once
every two seconds by the Special Processes Executive.

INVOCATION: CALL SSA APU FUEL QTY
b. Inputs - Inputs to this module are specified in Table 3.2.1.12-1.

Cc. Process Description - The control flow for this module is shown
in Figure 3.2.1.12-1. When called, the APU Fuel Quantity module
performs the following processing for each of the three APU fuel
tanks. The denominator in the computation is computed first. If
the denominator is zero, the fuel tank quantity is set to zero.
Otherwise, the fuel tank quantity is computed and a check is made
to determine if the computed value lies in the range O to 100
inclusive. If the value is less than 0, it is set to O and if
greater than 100, it is set to 100. The status of the input
parameters are then checked. If any status is invalid, the output
status is set to invalid. Otherwise, it is set to wvalid. The
computed value and its status are then stored in the Display/
Downlist table for display. The value is converted to PCM counts
and stored in Special Processes Output Buffer (SPOB) for output
to the meter and downlist. '

a. Qutputs -~ Outputs from this module are specified in Table 3.2.1.12-1,

e. Module References - None

f. Module Type and Attributes

Type: External Procedure
Attributes: Default (serially reusable with no protective
mechanism).

g, Template References

D INCLUDE TEMPLATE CSS_COT CONSTANTS TABLE (COT) - Values

D INCLUDE TEMPLATE CSS_SPINB - Special Processes Input Buffer
D INCLUDE TEMPLATE CSS_SPOB - Special Processes Output Buffer
D INCLUDE TEMPLATE CSS_DDT - Display/Downlist Table

D INCLUDE SMSTAT - Status Field Replace Statements

h. Error Handling - None

i. Constraints and Assumptions ~ None

ﬂ{q



TABLE 3.2.1.12-1 APU Fuel Quantity MODULE DATA LIST
MM REQT.
# ITEM DESCRIPTOR ACT SOURCE/DESTINATION HAL NAME L SYMBOL
1. APU 1 Fuel Tank Pressure | 4.2.17 I SSD CSQV_APQ_FUEL_PRES$(1) . V46P0100A PL
2. APU 1 Fuel Tank Pressure | A.2.17 I SSD CSQB_APU_FUEL, PRESS_STATUS
Input Status $(1)
3. APU 2 Fuel Tank Pressure | A.2.17 b 85D | CSQV_APU_FUEL_PRESS$(2) ‘VL46PO200A PL,
k. APU 2 Fuel Tank Pressure | A4.2.17 I SSD CSQB_APU_FUEL PRESS_STATUS$(2
Input Status - = - -
5. APU 3 Fuel Tank Pressure | A.2.17 I SSD CSQV_APU_FUEL_PRESS$(3) V46P0300A Pl
6. APU .3 Fueld Tank Pressure} A.2.17 I h) CSQB_APU_FUEL_PRESS
Input Status STATUS$(3)
7. APU 1 Fuel Tank Temp— A.2.17 I SSD CSQV_APU_FUEL_TEMP$(1) VA6T01024 T1
erature = 1
8. APU 1 Fuel Tenk Tempera- | A.2.17 I SSD CSQB_APU_FUEL_TEMP_STATUS$(1)
ture Input Status
9. APU 2 Fuel Tank A.2.17 I SSD CSQV_APU_FUEL TEMP$(2) VL6T02024 T1,
.| Temperature
10. APU 2 Fuel Tank Tempera- | A.2.17 I SS8D CSQB_APU_FUEL_TEMP_?TATUS$(2)
ture Input Status
11. APU 3 Fuel Tank Tempera- | A.2.17 I SsD CSQV_APU_FUEL TEMP$(3) VL6T03024 Ty
ture .
12. APU 3 Fuel Tank Tempera- | A.2.17 I 88D CSQB_APU_FUEL _TEMP_STATUS$(3)
ture Input Status
13. APU 1 Fuel Tank Outlet A.2.17 I SSD CSQV_APU_FUEL OUTLET$(1) Vh6P01054 P2,
Pressure
1k, APU 1 Fuel Tank Outlet A.2.17 I 8sp CSQB_APU_FUEL OUTLET_STATUS
Pressure Input Status $(1)
15. APU 2 Fuel Tank Outlet A.2.17 I SSD CSQV_APU_FUEL_OUTLET$(2) V46P02054 P2,
Pressure :
16. IAPU 2 Fuel Tank Outlet A.2.17 I ssp CSQB_APU_FUEL OUTLET _
[Pressure Input Status STATUS$(2)
iT. IAPU 3 Fuel Tank Outlet A:2.17. I SSD CSQV_APU_FUEL_OUTLET$(3) V46P03054 P2
Fressure
18. APU 3 Fuel Tank Outlet A.2,17 I SSD CSQB_APU_FUEL_OUTLET _

[Pressure Input Status

STATUS$(3)

uoileatyiasdg ufiisa@ pajjeyaq WS 140 :¥009

g-2T°'1°2'¢

6L/9T/0T



Al

TABLE

3.2.1.12-1 APU Fuel Quantity (Cont'd)

MODULE DATA LIST

# ITEM DESCRIPTOR ACT SOURCE/DESTINATION HAL NAME MML SoBOL
19. Helium Mass Tank 1 A.2.12, D.12 STM CSQV_APU_HELIUM MASS TANK V92Q2024C HM,
fa
A/
20. Helium Mass Tank 2 A.2.12, D.12 ST™ CSQV_APU_HELIUM MASS V92Q2026C L
) TANK$(2)
21. Helium Mass Tank 3 A.2.12, D.12 ST™ CSQV_APU_HELIUM MASS V92QR028C e,
: TANKS(3)

22. APU 1 Temperature A.2.12, D.12 ST™ CSQV_APU_TEMP_CONSTANT$(1) vgaT21koc c2;
Constant

23. APU 1 Pressure Flag A.2.12, D.12 STM CSQB_APU_PRES_FLAGS$(1) V92X2150X A,

2L, APU' 1 Pressure Out Flag | A.2.12, D.12 STM CSQB_APU_PRES OUT FLAG$(1) V92x2152X B,

25. APU 1 Temperature Out A.2.12, D.12 STM CSQB_APU_TEMP_OUT FLAG$(1) V92X2160X c1l
Flag

26. APU 2 Temperature A.2.12, D.12 STM CSQB_APU TEMP_CONSTANT$(2) V92T2240C c2,
Constant

27. APU 2 Pressure Flag A.2.12, D.12 STM CSQB_APU- PRES_FLAG$(2) V92X2253X 2,

28. APU 2 Pressure Out Flag | A.2.12, D.12 STM CSQB_APU_PRES_OUT FLAG$(2) V92x2252X B,

29. APU 2 Temperature Out 4.2.12, D.12 ST CSQB_APU_TEMP_OUT FLAG$(2) V92X2260X Ci,
Flag

30. APU 3 Temperature A.2.12, D.12 STM CSQV_APU_TEMP_CONSTANTS$(3) | vo2T23koc c2
Constant

31. APU 3 Pressure Flag 4.2.12, D.12 STM CSQV_APU_PRES_FLAG$(3) V92X2350X 1

32. APU 3 Pressure Out Flag | A.2.12, D.12 STM CSQB_APU_PRES_OUT FLAGS$(3) V92X2352X 5.

33. APU 3 Temperature Out A.2.12, D.12 ST™ CSQB_APU_TEMP_OUT FLAG$(3) V92X2360X 013
Flag .

3k, Average Value of Specific| E SSA_RGCF [RGCF
Gas Constant

35. Tank Expulsion Efficiency| E SSA_FFF EFF

36. Gaging Error E SSA GE GE

37. | Tank Volume E SSA_VOL VoL

38. Mass of Minimum Usable E SSA_WPF kPF

Fuel
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TABLE 3.2.1.12-1 APU Fuel Quantity (Cont'd)

MODULE DATA LIST

REQT.
# ITEM DESCRIPTOR ACT SOURCE/DESTINATION HAL NAME MML SYMBOL

39. APU 1 Fuel Tank Quan— A.2.16 0 DL,8S0 ' CSQV_APU_FUEL METER$(1) V72Q6001V We,
tity For Meter

4o. APU 1 Fuel Tank Quan- A.2.18 o] CRT CSQV_APU_FUEL_DISP$(1) V72Q6001V WP,
tity For Display

b1, APU 1 Fuel Tank Quan- A.2.18 ¢] CRT CSQB_APU_FUEL STAT$(1)
tity Output Status

b2, APU 2 Fuel Tank Quan- A.2.16 0 DL,SS0 CSQV_APU_FUEL METER$(2) V72Q6202V WP,
tity For Meter .

L3, APU 2 Fuel Tank Quan- A.2.18 o] CRT CSQV_APU_FUEL DISP$(2) V72Q6202V WP,
tity For Display .

iy, APU 2 Fuel Tank Quan- A.2,18 0 CRT CSQB_APU_FUEL_STAT$(2)
tity Output Status

45, APU 3 Fuel Tank Quan- A.2.16 o} DL,SS0 CSQV_APU_FUEL METER$(3) V72Q6003V WPy
tity For Meter

46. APU 3 Fuel Tank Quan~ A.2.18 0 CRT CSQV_APU_FUEL DISP$(3) V72Q6003V WP
tity For Display

47, APU 3 Fuel Tank Quan— 4.2.18 ¢] CRT CSQB_APU_FUEL STAT$(3)
tity‘Output Status

48. APU Fuel Quantity E L SSA_TEMP_APU FUEL_QUANTITY
(Local)

49, APU Fuel Quantity E L

(Local)

SSA_TEMP_APU_FUEL_QUANTITY

STAT
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LDl

< Enter ’

—\

Na Far
T TCr

I=1To3
(Each Of 3 APU
Fue! Tanks}

‘ Return ’

Then

WP(1) =0

\
IF

AMNxP1L (N +B (1) xP2(1)=0
(Divide By Zero In Computation)

Compute Quantity Of Fuel Remaining In Fuel Tank I; Store In Temporary Location

WPl = { leee x voL- { RGCF x HM (1) x [C1 () x T1 () +C2 (1) +489.691 | _(] o,
L \ A XPT(I)+B () xP2 (1) ] S I
Else
79.484-0.0315 x (C1 (1) x T1 (1) + C2 (1) + 459.69)
X100
WPF
\ Set APU Fuel
IF Any Input - Tank Quantity
Parameter Status Then Output Status \II—\'I:P(I)<0 Then WP(l) =0
Is Invalid For This Tank
To Invalid
Store Computed Set APU Fuel
Quantity (WP) And Tank Quantity IE
1/0 Status In Dis- Else Output Status Else WP (1) >100 WP({1) = 100
play/Downlist Table For This Tank
(DDT) For Display To Valid
Convert WP To PCM
(Convert 5 x WP To
Integer And Shift Left w
6 Bits) And Store In .
Special Processes Out- v
put Buffer (SPOB) For =
Output To Meter And =
Downlist {})
wi

Figure 3.2.1.12-1. APU Fuel Quantity
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3.2.1.13 Fuel Cell Computation (SSE_FUEL_CELL)

The Fuel Cell Computation module executes to determine the total current and
power of the fuel cells and to set discretes to bracket the power level for each
fuel cell. '

a. Control Interface - The Fuel Cell Computation module is CALLed once every
two seconds by the Special Processes Executive.

INVOCATION: CALL SSF_FUEL CELL
b. Inputs - Inputs to this module are specified in Table 3.2.1.13-1.

c, Process Description - The control flow for this module is shown in Figure
3.2.1.13-1. When CALLed, the Fuel Cell Computation module checks the
statuses ‘of theé input parameters foi the fuel ¢ell. . If any are invalid,
the output status for the precondition discretes is set to invalid. Other-
wise, the power leveél for the fuel cell is computed in kilowatts and compared
against two power levels which define the break points between three ranges.
Precondition discretes are set indicating the range the computed value lies
in. The two power levels can be changed by Table Maintenance. The above
is repeated for each of the other fuel cells.

A check is then made to determine if any output status has been set to in-
valid by the previous computation. If so, the output status for the total
fuel cell power is set to invalid. Otherwise, the total fuel cell power
is computed by summing the power levels from each individual fuel cell and
the output status is set to valid. A status check is then performed on
the parameter used to compute the total current. If any are invalid, the
output status for total current is set to invalid. Otherwise, the total
current is computed by summing the individual currents from each fuel cell
and the output status is set to wvalid.

a. Outputs - Outputs from this module are specified in Table 3.2.1.13~1.

e. Module References - None

f. Module Type and Attributes

Type: Ixternal Procedure

Attributes: Default (serially reusable with no protective mechanism).



BOOK: OFT SM Detailed Design Specification

g. Template References -

D INCLUDE TEMPLATE CSS_COT
D INCLUDE TEMPLATE CSS_SPINB
D INCLUDE TEMPLATE CSS_DDT

. D INCLUDE SMSTAT -

h. Error Handlipng ~ None

i. Constraints and Assumptions ~

1

!

None

' 10/16/79
3.2,1.13-2

CONSTANTS TABLE

SPECTIAL PROCESSES INPUT BUFFER
DISPLAY/DOWNLIST TABLE

STATUS FIELD REPLACE STATEMENTS

50
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TABLE 3.2.1.13-1 Fuel Cell Computation

MODULE DATA LIST

- REQT.
# ITEM DESCRIPTOR ACT SOURCE/DESTINATION HAL NAME MML SYMBOL
1 Fuel Cell 1 Voltage £.2.17 I SSD CSFV_FC_VOLTAGES{1) VLE5VO1004 s,
2. Fuel Cell 1 Voltage In- A.2.17 I SSD CSFB_FC_VOLTAGE INPUT
put Status STATUS$(1)
3. Fuel Cell 2 Voltage A.2.17 I SSD CSFV_FC_VOLTAGE$(2) VL5V02004 3
k. Fuel Cell 2 Voltage A.2.17 I SSD CSFB_FC_VOLTAGE INPUT
Input Status STATUS$(2)
5. Fuel Cell 3 Voltage A.2.17 I SSD CSFV_FC_VOLTAGE$(3) V45V03304 3
6. Fuel Cell 3 Voltage A.2.17 I SSD CSFB_FC_VOLTAGE_INPUT
Input Status STATUS$(3)
7. Fuel Cell 1 Current A.2.17 I SSD CSFV_FC_CURRENT$(1) vk5C01314 1
8. Fuel Cell 1 Current A.2.17 I SSD CSFB_FC_CURRENT INPUT
Input Status STATUS$(1)
9. Fuel Cell 2 Current A.2.17 I 8SD CSFV_FC_CURRENT$(2) V45C02014 5
10. Fuel Cell 2 Current A.2.17 I SSD CSFB_FC_CURRENT INPUT
Input Status STATUSS(2)
11. Fuel Cell 3 Current A.2.17 I SSD CSFV_FC_CURRENTS$(3) Vh5C03014 3
12, Fuel Cell 3 Current A.2.17 I SSD CSFB_FC_CURRENT_INPUT_
Input Status STATUS$(3)
13. Power Level 1 A.2.12,D.12 I STM CSFV_POWER_LEVEL 1 V92E0630C
1k, Power Level 2 A.2.12,D.12 I ‘sTM CSFV_POWER_LEVEL 2 V92E0631C
15. Total Fuel Cell Current 4.2.18 0 CRT,DL CSFV_TOTAIL,_FC_CURRENT V92C0311C T
16. Total Fuel Cell Current A4.2.18 0 CRT CSFB_TOTAL_FC_CURRENT STATUS
Output Status
7. Total Fuel Cell Power A.2.18 0 CRT,DL CSFV_TOTAL_FC_POWER V92E0310C T
18. Total Fuel Cell Power A.2.18 0 CRT

Output Status

CSFB_TOTAL_FC_POWER_STATUS
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TABLE 3.2.1.13-1 Fuel Cell Computation {Cont'd)

MODULE DATA LIST

QT.
# ITEM DESCRIPTOR ACT SOURCE/DESTINATION HAL NAME MML gYEMBOL

19. Fuel Cell 1 A.2.18 o CRT CSFB_FC_PRECON_1$(1) V92X0601X
Precondition 1 '

20. Fuel Cell 1 A.2.18 o CRT CSFB_FC_PRECON_2$(1) V92X0622X
Precondition 2

21. Fuel Cell 1 A.2.18 0 CRT CSFB_FC_PRECON_3$(1) V92X0633X
Precondition 3

22. Fuel Cell 1 A.2.18 0 CRT CSFB_FC_PRECON_STAT$(1)
Precondition Output )
Status

23. Fuel Cell 2 . A.2.18 0 CRT CSFB_FC_PRECON_1$(2) V92X0611X
Precondition 1

2k, Fuel Cell 2 A.2.18 0 CRT CSFB_FC_PRECON_2$(2) V92X0612X
Precondition 2

25. Fuel Cell 2 A.2.18 0 CRT CSFB_FC_PRECON_3$(2) V92X0613X
Precondition 3

26. Fuel Cell 2 Precondition| A4.2.18 0 CRT CSFB_FC_PRECON_STAT$(2)
Output Status

1. Fuel Cell 3 4.2.18 0 CRT CSFB_FC_PRECON_1$(3) V92%0621X
Precondition 1

28. Fuel Cell 3 A.2.18 0 CRT CSFB_FC_PRECON_2$(3) V92X0622%
Precondition 2

29. Fuel Cell 3 Precondition | A.2.18 o CRT CSFB_FC_PRECON_3$(3) V92X0623X

30. Fuel Cell 3 Precondition | A.2.18 0 CRT CSFB_FC_PRECON_STAT$(3)
Output Status

31. Power Level Computation E L

SSF_POWER_LEVEL_COMP_ARRAY
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3.2.1.13-5

Set Fuel Cell J

- Precondition Out--
. put Status To
Invalid

‘ Enter )
- Then

Do For J = \
1 To 3 (For
Each Fuel Cely

IF Any Input
Parameter Status Else

For This Fuel
Cell Is Invalid

Compute Power Level
Output For This Fuel
Cell In Kilowatts

P{J) = E(J) x 1(J)/1000

Perform Power

Level Discretes
IF Any Fuel —\ Set Total Fuel ' (Fig. 3.2.1.13-2)
Cell Precondition Then Cell Power Out-. ’
QOutput Status put Status To

Set To Invalid ' Invalid

Compute Total
Fuel Cell Power
Pr=Py+Py+P3

Set Total Fuel Cell
Power Output
Status To Valid

Else

IF Any Input—\ Set Total Fuel
Parameter Status Then Cell Current
For Current Is Output Status
invalid To Invalid

< Return ’

Else

Compute Total

Set Total Fuel Cell

Fuel Cell Current
IT = |1 + |2 + |3

Figure 3.2.1.13-1. Fuel Cell Computation

Current Output
Status To Valid




IF Power Level
For Fuel Cell J

Then

Is Less Than Or
Equal To Power
Level 1

Set Fuel Cell J
Precondition
Output Status
To Valid

Else

Set Fuel Cell J
Precondition 1
To On

IF Power Level-\
For Fuel Cell J Is

Less Than Power
Level 2

Set Fuel Cell J
Precondition 2
and 3 To Off -

Then

To On

10/16/79
302.1-13“‘6

Set Fuel Cell J
Precondition 2

Set Fuel Cell J
Precondition 1
And 3 To Off

Else Set Fuel Cell J

To On

Precondition 3

Figure 3.2.1.13-2. Power Level Discretes

15

Set Fuel Cell J
Precondition 1
And 2 To Off
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BOOK: OFT SM Detailed Design Specification

3.2.1.14 Hydraulic Water Boiler Quantity (SSH_HYD H20 QTY)

The Hydraulic Water Boiler Quantity calculations module computes the amount
of water remaining in the three storage tanks.

a.

Control Interface - This module is CALL'ed by the Special Processes
Executive (SSP_EXEC) once every two seconds.

INVOCATION: CALL SSH_HYD H20 QTY

Inputs - Inputs to this module are specified in Table 3.2.1.1k-1

Process Description - The control flow for this module is shown in

Figure 3.2.1.14-1. If the inputs needed for the hydraulic water boiler
guantity computation for water tank 1 are valid, the hydraulic water
boiler guantity remaining is computed using a pressure - volume - temp-
erature (PVT) equation. The GN2 outlet pressure is analyzed to see if

it is zero. If so, the hydraulic water boiler quentity is set to zero.
Otherwise, the quantity of GN2 is calculated and that quantity is used

in calculating the hydraulic water boller. quantity. A check is

made to determine if the computed value lies in the range 0 to 100 in-
clusive. If the value is less than zero, it is set to 0 and if greater
than 100, it is set to 100. The computed value and status are then stored
in the!Display/Downlist table for display. The value is converted to PCM
counts and stored in the Special Processes Output Buffer (SPOB) for out-
put to the meter and downlist. If any input parameter for water tank 1
has an invalid parameter status, then the hydraulic water boiler quantity
is set to invalid and the computation is bypassed. This same procedure is
followed for computing the hydraulic water boiler quantities for water .
tank 2 and water tank 3. There is no OPS initialization or clean-up
processing. '

Outputs - Outputs from this module are specified in Table 3.2.1.1k-1.

Module References - None

Module Type and Attributes -

Type:. External Procedure
Attributes: Default (serially reusable with no protectlve mechanism).

Template References -

D INCLUDE TEMPLATE CSA .COT Constant Table (COT) - Values
D INCLUDE TEMPLATE CSA_DDT Display/Downlist Table
D INCLUDE TEMPLATE CSA SPINB Special Processes Input Buffer (SPINB)

" D INCLUDE TEMPLATE SPOB - Special Processes Output Buffer

Error Handling - None

Constraints and Assumptions - None
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TABLE 3.2.1.14-1 Hydraulic Water Boiler Quantity

MODULE DATA LIiST

# ITEM DESCRIPTOR ACT SOURCE/DESTINATION HAL NAME MML Sﬁﬁgm
1 Hydr Sys 1 H20 Tenk Temp.} A.2.17 I 8D csﬁv_ﬁzq_TEMP$(1;) V58T0161A T2(1)
2 Hydr Sys 1GN2 Tank Temp. | A.2.17 I SSD CSHV N2 TEMP$(1;) V58TOLO5A T1(1)
3 Hydr Sys 1GN2 Quantity A2.12 I ST CSHV_N2_QUANTITY$(1;) V92Q0650C Q1)
L Hydr Sys 1GN2 Press A.2.17 I SSD CSHV_N2 PRESS$(1;) V58P014TA Pi(1)
5 Hydr Sys L1GN2 Outlet Press A.2.17 1 58D CSHEV_N20UT_PRESS$(1; ) V58p010kA p2(1)
6 Hydr Sys 2 H20 Tank Temp.]| A.2.17 T SSD CSHV_H20_TEMP$(2;) V58702614 T2(2)
7 Hydr Sys 2GN2 Tank Temp. | A.2.17 I SsD CSHV_N2_TEMP$(23) V58T02054 T1(2)
8 Hydr Sys 2GN2 Quantity - | A4.2.12 I ST™ "lcSHV_N2_QUANTITY V92Q0651C Q(2)
9 Hydr Sys 2GN2 Press A.2.17 I SSD CSHV_N2_PRESS$(2;) V58P02474 p1(2)
10 |Hyar sys 2 GN2 £.2.17 I SSD CSHV_N20UT_PRESS$(2:) V58P020kA4 p2(2)
11  [|Hydr Sys 3 H20 Tank Temp.| A.2.17 I 88D CSHV_H20_TEMP$(3;) V58T03614 T2(3)
12  |Hydr Sys 3GN2 Tank Temp. | A4.2.1T I SSD CSHV_N2_TEMP$(3;) V58103054 T1(3)
13  |Hydr Sys 3GN2 Qiantity A.2.12 I STH CSHY_N2 QUANTITY$(3;) V92Q0652¢ Q)
1k |Hydr Sys 3GN2 Press A.2.17 I SSD CSHY_N2 PRESS$(3;) V58P034TA P1(3)
15 Hydr Sys 3GN2 Outlet Press A.2.17 I SSD CSHV_N20UT_PRESS$(3;) V58P0304A P2(3)
16  |Hydr Sys 1 H20 Temp A.2.17 I 85D CSHB_H20_TEMP_STAT$(1;)

Input Status Indicator
17  {Bydr Sys 1GN2 Temp 4.2.17 I 88D CSHB_N2_TEMP_STAT$(1;)

Input Status Indicator .
18 |Bydr Sys 1GN2 Press A.2.17 I sSD PSHB_N2_PRESS STAT$(1;)

Input Status Indiecator
19  Hydr Sys 1GH2 Outlet A.2.17 I ssﬁ‘ LSHB_N2OUT_PRESS_STAT$(1;)

Press Status Indicator :
20 Hydr Sys 2 H20 Temp A.2.17 I 38D CSHB H20 TEMP_STAT$(2;)

Input Si?atus Indicator -
21 Hydr Sys 2 GN2 Temp A.2,17 I SSD CSHB N2 TEMP_STAT$(2;)

Input Status Indicstor
22  [Hydr Sys 2 GN2 Press £.2.17 I §SD CSHB_N2_PRESS_STAT$(2;)

Input Status Indicator
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TABLE 3.2.1.1k-1I Hydraulic Water Boiler Quantity(continued)

MODULE DATA LIST

T.
# ITEM DESCRIPTOR ACT SOURCE/DESTINATION HAL NAME MML ngBOL
23 Hydr Sys 2 GN2 Outlet A.2.17 I SSD COSHB_N2QUT_FRESS_STAT$(2;)
Pressure Status Indicator
2k Hydr Sys 3 H20 Temp A.2.17 I SSD CSHB_H20_TEMP_STAT$(3;)
Input Status Indicator
25 Hydr Sys 3 GN2 Temp A.2.17 T SSD CSHB_N2_TEMP_STAT$(3;)
Input Status Indicator
26 Hydr Sys 3 GN2 Press £.2.17 I SSD CSHB_N2_PRESS_STAT$(3;)
Input Status Indicator
27 Hydr Sys 3 Outlet A.2.17 I SSD CSHB_N20UT_PRESS_STAT$(3;)
Press Status Indicator
1
28 Quantity of GN2 in GN2 E L SSH_N2_QUANTITY Q
Tank
29 Hydr Weter Boiler E L SSH_TEMP_VR
Quantity (LOCAL)
30 Hydr Sys 1 Output A.2.18 o CSHB_QUANT OUT_STAT$(1:)
“|Parm Status Indicator
31 Hydr Sys 2 Output 4.2.18 o [CSHB_QUANT_OQUT STAT$(2:)
Parm Status Indicator
32 Hydr Sys 3 Output A.2.18 0 CSHB_QUANT QUT_STAT$(3:)
Parm Status Indicator
33 Hydr Sys 1 Display 4.2.18 0 CRT CSHY_QUANT CRT$(1:) V7206040V VR(1)
Water Boiler Quantity
3L Hydr Sys 2 Display A.2.18 0 CRT CSHV_QUANT_CRT$(2:) V72Q60L42V VR(2)
Water Boiler Quantity -
35 Hydr Sys 3 Display A.2.18 0 CRT CSHV_QUANT CRT$(3:) V72604V VR(3)
Water Boiler Quantity
36 Hydr Sys 1 MDM A.2.16 0 D/L, SSO CSHY_QUANT METER$(1) V7206040V VR(1)
Water Boiler Quantity
37 Hydr Sys 2 MDM A.2.16 o] D/L, SS0 CSHV_QUANT METER$(2) V7296042V vR(2)
Water Boiler Quantity
38 Hydr Sys 3 MDM A.2.16 0 D/L, SSO CSHV_QUANT METER$(3) V72Q60L4V VR(3)

Water Boiler Quantity

Noog
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TABLE 3.2.1.14-1 Hydraulic Water Boiler Quantity (continued) MODULE DATA LIST

# ITEM DESCRIPTOR ACT SOURCE/DESTINATION HAL NAME MML REQT.
SYMBOL

39  |Hydr Sys A Const SSH_A_CONST A

Lo Hydr Sys B Const SSH_B_CONST B

41 Hydr Sys C Const SSH_C_CONST C

L2 Hydr Sys D Const SSH_D_CONST D

43 Intermediate Meter

Reading

SSH_QUANT METER

Yoosd
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Enter

DO FOR

=1

To 3
No. of Boiler

Water Tank

IF Any Of The Input Statu
Indicators For This Tank I
Set To On

RETURN

Then

Else

Set Output Parm Status
Indicator To On (Invalid)

Set Output Parm Status
Indicator To Off

(Valig)
I

IF HYD BLR GN2 OUTLET
PRESSURE = 0
(P2(1) = 0)

Then

Set Display Water Boiler
(DDT) and MDM Water Boil-
er (SPOB) Quantity to
Zero

Else|

Compute the Quar

sent
Q1=P1(I) A +B) +
5> \TL(I)+L60
Pl(1)> ( c . D)
T1(T)+L60

Compute the Water Boiler Quantity
and Stor in Temporary Location

VR(1)=b.58 [2.57-(%)(‘%’*6%[2(1)-

Ql])] .01

IF Display Water Boiler
Quantity >100
(VR(1)> 100)

Set Display Water Quantity
To 100 {VR(1) = 100

Store Computed
Quantity VR(1)
And I/0 Status
In Display/Down Else
1ist Table (DDT
For Display

IF Display Water

Set Display
Water Boiler

Quantity To 0

Boiler Quantity
<0 (Vr(1)
< 0) VR(1) =

Convert VR(L) to PCM (Con:
vert 5 x VR(1) To Integer
And Shift Left 6 Bits) &

Store In Special Processed

Cutput Buffer (SPOB) For
Output- To Meter & Downlist

Figure 3.2.1.1k-1 Hydraulic Water Boiler Quantity
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3.2.1.15 0,/N, Quantity (Ssy_o2w2_QTY)

The 02/N2‘Quantity computation module computes the 02_quantity remaining in

the Emergencyro2 tank and the N, quantity remaining in the two system'l and two

2
system 2 N2 tanks.

- Control Interface - The 02/N2 Quantity computation module is CALL'ed
by the Special Processes Executive once every two seconds.,
Invocation: CALL SSN_O2N2 QTY;
b.  Inputs - Inputs to this module are specified in Table 3.2.1.15-1.
c. Process Description - The control flow for this module is shown in
Figure 3.2.1.15-1, If the inputs needed for the Emergency O2 quantity
computation are valid, the O2 quantity remaining is computed and given

a valid status. If the O2

remaining status is set to invalid and the'computation is bypassed.
This same procedure is followed for computing the N2 gquantities

inputs are invalid then 'bhe_O2 guantity

remaining in the system 1 and system 2 tanks. There is no OPS
initialization or clean-up processing.

d. Outputs - Outputs from this module are specified in Table 3.2.1.15-1.

e. Module References - None

f. Module Type and Attributes

Type: External Procedure _ v
Attributes: Default (serially reusable with no protective mechanism).

g. Template Referencés

CSS_SPINB ‘ Special Processes Input Buffer
CS5_DDT Display Downlist Table

" h, Error Handling -~ None

i. Constraints and Assumptions - None

[0
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TABLE 3.2.1.15—1. 021\12 Quantity MODULE DATA LIST
# ITEM DESCRIPTOR ACT SOURCE/DESTINATION HAL NAME MML REQT.
SYMBOL
1 Emer O, Tank Press A.2.17 I $SD CSNB_02_PRESS_STATUS
Status
2 Emer 02 Tank Temp Status A.2.17 I SSD CSNB_02_ TEMP_STATUS
3 Emer 0, Tank Press A.2.17 T SSD CSNV_02_PRESS_VALUE V61P21614A P
L Emer 0, Tank Temp A.2.17 I SSD CSNV_02_TEMP_VALUE V61T2216A T
5 Emer 0, Quantity Status 4.2.18 0 CRT CSNB_02_QTY STATUS
6 Emer 0, Quantity A.2.18 0 CRT,DL CSNV_QZ_QTY_VALUE V92Q0305C W0,
7 Sys N, Press Stat (1) A.2.17 I SSD CSNB_N2_PRESS_STAT$(1;)
8 Sys N, Press Stat (2) A.2.17 I SSD CSNB_N2_PRESS_STAT$(2;)
9 Sys N, Tank 1 A.2.17 I SSD CSNB_N2_TANK1_TEMP_STAT$(1;)
Temp Stat (1) )
10 Sys N, Tank 1 Temp A.2.17 I SSD CSNB_N2_TANK1 TEMP_STAT$(2;)
stat “(2)
11 Sys N, Tank 2 Temp A.2.17 I SSD CSNB_N2_TANK2 TEMP _STAT$(1;)
Stat (1)
12 Sys N, Tank 2 Temp A.2.17 I SSD CSNB_N2_TANK2 TEMP_STAT$(2;)
Stat (2)
13 Sys 1 N, Supply A.2.17 I SSD CSNV_SUPPLY_PRESS$(1:) V61P2301A P(1)
Pressure I
1h Sys 2 N, Supply A.2.17 I s8D CSNV_SUPPLY_PRESS$(2:) V61P2309A P(2)
Pressure
15 Sys 1 N, Tank 1 Temp A.2.17 I SSD. CSNV_TANK1 TEMP$(1:) V61T2k 06A T(1)
16 Sys 1 N, Tank 2 Temp: A.2.17 I SSD CSNV_TANK2. TEMP$(1:) V61T2L0T7A 7(2)
17 Sys 2 N, Tank 1 Temp A.2.17 I SSD CSNV_TANK1_TEMP$(2:) V61T2L08A 7(3)
18 Sys 2 N, Tank 2 Temp A.2.17 I SSD CSNV_TANK2 TEMP$(2:) V61T2L094 T(4)

Yoos
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TABLE 3.2.1.15-.1. 021\12 Quantity MODULE DATA LIST

a2l

ITEM . DESCRIPTOR ACT SOURCE/DESTINATION HAL NAME MML REQT.
SYMBOL

System 1 N, Supply A.2.18 0 CRT,DL CSNV_N2_gTY$(1:) V9260315C Wi,
Quantity (sYs 1)
System 2 N, Supply A.2.18 o CRT,DL CSNV_N2_QTY$(2:) V92q0318C vy,
Quantity (sYS 2)
N2 Supply Quantity A.2.18 o CRT CSNB_N2_QTY STAT$(1:)
Status (1)
K2 Supply Quantity A.2.18 o CRT CSNB_N2_QTY_STAT$(2:)
Status (2)
Temporary Press E L SSN_TEMP_PRESS

[T A R S ¢
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7 9/

‘ Enter ’

tF Emer

0, Tank Press Status

Or Emer O2 Tank Temp
Status Is Invalid

Set Emer
Then O, Quantity

Status To
Invalid

Compute Emergency

DO FOR

=1To 2
{Sys 1 And Sys
2 N2 Tanks)

‘ Return ’

‘A/'

_1412XP

W02 ==+ 260

Else - 02 Quantity Remaining:

IF
Sys Ny Press Stat(l) OR

Sys N2 Tank 1 Temp Stat{l} OR
Sys N Tank 2 Temp Stat(l)
Is Invalid

Set Emer
02 Quantity

Status To Valid

Then

Set N5 Supply

Quantity Status{l)
To invalid

Else

Compute N2 Qty In Tank(l):

Temporary Press

e Temporary Press = 12.35 x Supply Press (1)

Temporary Press

) =
Wh 1) [Tank 1 Temp(1) + 460

Tank 2 Temp(l) + 460

Set N5 Supply

Qty Status (1)
To Valid

Figure 3.2.1.15-1. O/N, Quantity
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BOOK: OFT SM Detailed Design Specification

3.2.1.16 H_O Pump Delta Pressure (SSW_H20 PUMP P)

2

The HEO Pump Delta Pressure module computes the delta pressure for each of

the two water coolant loops in the Atmospherlc Revitalization System.

a. Control Interface - The H20 Pump Delta Pressure module is CALL'ed by
‘the Special Processes Executive once every two seconds.

Invocation: CALL SSW_H20 PUMP P
b. Inputs - Inputs to this module are specified in Table 3.2.1.16-1.

¢. Process Description - The control flow for this module is shown in
Figure 3.2.1.16-1. If the inputs needed for the Loop 1 H,0 delta
pressure computation are valid, the delta pressure is computed and
given a valid status. If the inputs are invalid, the computation is
bypassed and an invalid status is set for the delta pressure output.
This same procedure is followed for computing the delta pressure of
the Loop 2 H2O pump. There is no OPS initialization or clean-up .
processing. S

d. Outputs - Outputs from this module are specified in Table 3.2.1.16-1.

e. Module References - None

f. Module Type and Attributes

Type: External Procedure
Attributes: Default (serially reusable with no protective mechanism).

g. Template References
D INCLUDE TEMPLATE CSS_SPINB Special Procesees Input Buffer(SPINB)
D INCLUDE TEMPLATE CSS_DDT Display/Downlist Table

h.  Error Handling - None

i.  Congtraints and Assumptions - None




TABLE 3.2.1.16-1 H,0 Pump Delta Pressure

MODULE DATA LIiST

4 ITEM DESCRIPTOR ACT SOURCE/DESTINATION HAL NAME MML Sl

1 Loop 1 Pump Inlet A.2.17 I SSD CSWV_IN PRESS1 V61P2605A Pil
Pressure

2 Loop 1 Pump Inlet A.2.17 I SSD CSWB_IN_PRESS1 STATUS
Pressure Status

3 Loop 1 Pump Outlet A.2.17° I SSD CSWV_OUT_PRESS1 V61P2600A Pol
Pressure

Y Loop 1 Pump Outlet A.2.17 I SSD CSWB_OUT PRESS1_STATUS
Pressure Status

5 Loop 1 Pump Delta A.2.18 0 CRT, DL CSWV_DELTA_PRESS1 V92P0300C Pl
Pressure

6 Loop 1 Pump Delta A.2.18 0 CRT, DL CSWB_DELTA PRESS1_STATUS
Pressure Status

T Loop 2 Pump Inlet A.2.17 I Ssb CSWV_IN_PRESS2 VEIP2T054 Pi2
Pressure

8 Loop 2 Pump Inlet A.2.17 I SSD CSWB_IN PRESS2_ STATUS
Pressure Status

9 Loop 2 Pump Outlet A.2.17 I SSh CSWV_QUT_PRESS2 V61P2T00A Po2
Pressure

10 Loop 2 Pump Outlet ~ A.2.17 I Ssb CSWB_OUT_PRESS2_STATUS
Pressure Status

11 Loop 2 Pump Delta 4.2.18 0 CRT, DL CSWV_DELTA PRESS2 V92P0301C P2
Pressure

12 Loop 2 Pump Delta A.2.18 0 CRT, DL CSWB_DELTA_PRESS2_STATUS

Pressure Status

oosa
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< Enter )
IF Loop 1
Pump Inlet Or

Then

Set Loop 1 Pump
Delta Pressure

Outlet Pressure:
Status = ON
{Invalid)

|F Loop 2
Pump Inlet Or
Outlet Pressure
Status = ON
(Invalid)

‘ Return ’

Else

Status To ON
(Invalid)

Then

Cormpute Loop 1
Pump Delta Pressure
Using Loop 1 Pump
Inlet And Qutlet
Pressures:

P1 =Po1 - Pi 1

Set Loop 1 Pump
Delta Pressure -
Status To OFF
(Valid}

Set Loop 2 Pump
Delta Pressure

Else

Status To ON
(tnvalid)

Compute Loop 2
Purmp Delta Pressure
Using Loop 2 Pump
Inlet And Outlet
Pressures:

P2 = Po2 — Pi2

Set Loop 2 Pump
Delta Pressure
Status To OFF
(Valid)

Figure 3.2.1.16-1. Hy0 Pump Delta Pressure
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BOOK: OFT SM Detailed Design Specification

3.2.1.17 Recorder Tape Position (SSR_REC_TAPE_POS)

The Recorder Tape Position module computes the tape position for each of
these operational recorders (OPS1l, OPS2, and payload), and updates a three-deep
downlist buffer pushdown list if a new fault message has been generated by
System Software annunciation. Each entry in this list contains the tape position
and active track parameters for OPS1l and OPS2 recorders and a current time.

a. Control Interface - The Recorder Tape Position module is called by
the Special Processes Executive (SSP_EXEC) once every two seconds.

Invocation: CALL SSR_REC_TAPE POS
b. Inputs - Inputs to this module are specified in Table 3.2.1.17-1.

c. Process Description - The control flow for this module is shown in
figure 3.2,1.17-1. The recorder tape position is computed consecutively
for all three recorders. If any input parameter status indicator for
a recorder is invalid, the status associated with that recorder tape
position output is set to invalid and the computation is bypassed.
Otherwise, the recorder tape position is computed by isolating the
five bits in the input data word and converting them to integer format.
This value is used as an index (one is added to preclude using a zero
index) into a 32 entry table. The values in this table represent the
tape position output - 100/31 X rounded to the nearest integer. The
status associated with the recorder tape position 1s set to wvalid and
both the status and computatlon value are stored 1n the Display/Downlist
table (DDT).

The current time and percent tapve and active track parameters from the

two OPS recorders shall be logged every two seconds if the fault summary
message (FSM) indicator has been set by system software/annunciation. The
last three sets of these logged parameters will be maintained in a push
down list. The contents of the push down list will be made availlable for

display and downlist. Once the recorder parameters and time tag for the
SM indicator have been logged the FSM indicator shall be reset. The FSM
indicator will be initialized to off during OPS initialization.

d. Output - Outputs from this module are specified in Table 3.2.1.17-1.

e. Module References - None

f. Module Type and Attributes

Type: External Procedure

Attributes: Default (serially reuseable with no protective mechanism).

g. Template Reference -
D INCLUDE TEMPLATE CSS_SPINB Special Processes Input Buffer (SPINB)
D INCLUDE TEMPLATE CSS_DDT Display/Downlist Table

h. Error Handling - None

i. Constraints and Assumptions - None.

| o /)



59/

TABLE 3.2.1.17-1 Recorder Tape Position

MODULE DATA LIST

SOURCE/DESTINATION

# ITEM DESCRIPTOR ACT HAL NAME MML REQT.
SYMBOL
1 OPS1 Recorder Input
Value (contains items A4.2.17 I SSD CSRV_REC_VALUE$(1; 9 to 13) %(1)
2-6)
2 RCDR OPS1 Bit 1 A.2.17 I SSD CSRV_REC_VALUE$(13;9) VT75X2540
3 RCDR OPS1 Bit 2 A.2.17 I SSD CSRV_REC_VALUE$(1310) V75%X2551
L RCDR OPS1 Bit 3 A.2.17 I $SD CSRV_REC_VALUE$(1;11) V75X2542
5 RCDR OPS1 Bit L A.2.17 I SSD CSRV_REC_VALUE$(13;12) V75X2543
6 RCDR OPS1 Bit 5 A.2.17 I SSD CSRV_REC_VALUE$(1313) V75X254L
T OPS2 Recorder Input
Value {contains items A.2.17 I SSD CSRV_REC_VALUE$(2;9 to 13) x(2)
8-12)
8 RCDR OPS2 Bit 1 A.2.17 I SSD CSRV_REC_VALUE$(2;9) V75%20k0
9 RCDR OPS2 Bit 2 4.2.17 I SSD CSRV_REC_VALUE$(23;10) V75X2641
10 RCDR OPS2 Bit 3 A.2.17 I SSD CSRV_REC_VALUE$(2;11) VT5%X2642
11 RCDR OPS2 Bit k4 A4.2.17 I SSD CSRV_REC_VALUE$(23;12) VT5X26L3
12 RCDR OPS2 Bit 5 A.2.17 I SSD CSRV_REC_VALUE$(2313) V75X26Lk
13 Payload Recorder Input
Value (contains items 4.2.17 I SSD CSRV_REC_VALUE$(339 to 13) x(3)
14-18)
1k RCDR PL Bit 1 A.2.17 I 8SD CSRV.REC_VALUE$(339) VT5X2740
15 RCDR PL Bit 2 A.2.17 1 . .8SD CSRV_REC_VALUE$(3310) V75%X2741
16 RCDR PL Bit 3 A.2.17 I SSD CSRV_REC_VALUE$(3;11) V75%2742
17 RCDR PL Bit 4 A.2.17 I SSD CSRV_REC_VALUE$(3;12) VT5X2743
18 RCDR PL Bit 5 A.2.17 I SSD CSRV_REC_VALUE$(3;13) VT5X27hh
19 OPS1 Recorder Input A.2.17 I SSD CSRB_REC_STAT$(1;)
Status L
20 OPS2 Recorder Input A.2.17 I S8D CSRB_REC_STAT$(2;)
Status A
21 Payload Recorder A.2.17 I SSD CSRB_REC_STAT$(3;)

Input Status
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TABLE

3.2.1.17-1 Recorder Tape Position

MODULE DATA LIST

# ITEM DESCRIPTOR ACT SOURCE/DESTINATION HAL NAME MML REQT.
SYMBOL
22 0PS1 Active Track Input
Value (Contains Items
23 - 26) . A.2.17 I SSD
23 RCDR OPS1 Active Bit 1 | A.2.17 1 SSD CSSV_SPINB D3875$(9) [VT5X254TE
2y RCDR OPS1 Active Bit 2 | A.2.17 T SSD CSSV_SPINB_D3875$(10) [VT5X25L8E
25 RCDR OPS1 Active Bit 3 | A.2.17 I 8SD CSSV_SPINB_D3875$(11) VT5X2549E
26 RCDR OPS1 Active Bit 4 | A.2.17 I SSD CSSV_SPINB D3875$(12) VT5X2550E
27 OPS2 Active Track Input
Value (Contains Items
(28 - 31) A.2.17 I SSD CSSV_SPINB_DL050$(9 to 12)
28 RCDR 0PS2 Active Bit 1 | A.2.17 I ) CSSV_SPINE_d4050$(9) VT5X26LTE
29 RCDR OPS2 Active Bit 2 A.2.17 I SSD CSSV_SPINB_D4050$(10) VT5X2648E
30 RCDR Ops2 Active Bit 3 A.2.17 I $sD CSSV_SPINB_DLO50$(11) V75X2649E
31 RCDR OPS2 Active Bit & | A.2.